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o \‘Fm-out patterns of four tower shots were delineated by survey-lnstrument methods to
' ' of approﬁmately 160 miles from Ground Zero. Surface-contamlnation Ievels m terms

slopes ranged from T 0.0 to T~!*, and field gamma-decay slopes ranged
. Principal beta-energy ,pea.ks of 0 8 and 2 0 Mev were observed
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Chapter 17

INTRODUCTION
1.1 BACKGROUND
‘ . ... During previous continental tesl series, fall-out study programs were conducted either as

"routine safety procedures or as research programs. The on-site and off-site monitoring pros
- gramas in populated areas within 200 miles of the Nevada Test Site (NTS) have been conducted
'by 1he Rad-Safe Unit of. the Test Director’s Organlzatlon a.nd in the area beyond 200 miles by
" the AEC New York Operations Office.
The Atomic Energy Py OJeLt Univer Slt}‘ of Cnquuud at L\JS Anﬁ&.cs (AEP/’UCLA) can-
. : ‘ducted research studies of fall-out distribution during Operations Upshct-Knothole and Tumbler.
. ‘ Snapper as part of the test organization. 1.2 This group also mveshgated the Iall-out distrlbutlon
from Trinity shot durlng the 2- to'6-yr period after the detonation.?
Other organizations have studied the fall-out problem primarily with respect to the 1m-
o . ~ mediale area surrounding Ground Zero (GZ). Resulis of these investigatlcns are found mainly’
hy ’ in the WT series of reporis, but some information is gwen in other series. Two Laslc reparts“
: on the subject are WT-386 and USNRDL-445, : : -
I ‘ Previgus air-sampling programs used a variety of B-impllng lnstruments under various o
> B conditivns. The air-sampling phases of the present iAvestigation were designed to perrnit ’0 .
) o evaluation of different sampling methods, including those which approximated isokinetic con~
ditions. The investigation involved four types of alr samplers: (1) high-volume automatic
. . B samplers operatlng over relatively short lime intervals and using molecular filters, (2) high-
‘ ' yolume manually changed samplers operating under different conditions of modification and
-using Mine Safety Appliances Company (MSA) BM-2133 filters, (3) wet- impmger samplers usmg
: several liquid media, and {4) modified cascade impactors.

The molecular {ilter samplers formed the basis for the determination of the inﬂuence oI
distance and time on radicactivily concentrations, total and radicactive parucle-size distribu-
tions, and gross decay and energy characteristics of the collected sample. The manually - '
changed ‘high-volume samplers were used to study the effect of orifice velecity and direction on
measured concentrations. They also represented the samplers raost common to previous aire
sampling programs. The wet-impinger samplers provided the basis for determining the im-
medlate solubility of airborne contamination. The modified cascade impactors served aga .
direct [leld method for determining radipactive particle-size distritotiona.

The definition of fall-out patterns was accomplished by delailed monitoring of roads

* ' ..intersecting the patierns at approximately 80 deg to the midline. From these data, isodose
' maps depicting the area within 160 miles of GZ were plotted. The calculated short‘term’
‘dosages at selected locatlons were mmp]emon!ed by Iilm-pack dosimetry estimates of effective
N beta skin dose :
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Previous fall-out programs, e.g., the study cited in reference 2, have emphaslzed the im-

portance of detailed ‘sampling of fall-out material as an aid In evaluating the factors belleved to ‘

influence its formation and distribution, Consequently, the detailed monitoring of roads crossing
the fall-out patterns was accompanied by the collection of unit-area soll samples at selected
locations. These samples provided the basis for the converslon of mr/hr to pc/it! and for the - .
determlnation of radioactive particle-size distributions as a function of distance. The total
1nl=grated particle-size distribution within 160 miles u.ltimately served as the basls for the

_¢valuation of the influence of such factors as GZ soil characteristics, yleld helght de.or.atlon. :

o . and meteorological conditions on fall-out phenomena.
The characterization of airborne and fall-out material with respect to physical propertles

"ig essential to the definition of biological hazards. The possibility of fisslon-prodact fractiona~ -

tien within the cloud and, consequently, ir fall-out distribution i{s of speclal interest as a pos-
aible mechanism for the occurrence of areas that are relatively high in concentration and/or
.availability of metabolically active 1gotopes. The characterization of the properties of the
radloactive malerials primarily involved decay, energy, and solubility {nvestigations. ‘l'hc o
radlostrontlum content of aelected soil samples was also determined. . :

“'The present studies represent an effort to define further many of the phenomena described
previously. It 1s anticipated that the information derived from these investigations will con-
tribute substantially {5 the understzndlng cf the mechanics of formation, the distribution, and .
the biological impllcatlons of radloactlve material formed during a nuclear detonation.

1.2 OBJECTIVES T

Project 37.2 studied the downwind concentrations of both alrborne and primary fall- out
" within distances up to 160 miles from GZ. The general objectives were as {ollows:

1. To establish the validity of previously reported airborre concentration data and to per-
form measurements of concentrations and particle sizes within known Hmits of agcuracy.

" 2. To define the fzll-out patterns and to evaluate the several factors believed to inﬂuence
‘the forination and distribution of the contributing fall-out partlcles permitiing a more complete'
definition of fall-out phenomena. ‘

3. To .determine some physical and chemlcal cha: acterlstlcs of airborne and primary fa.ll-
out debris, emphasizing the possible occurrence of fracticnation of certain fission products as
‘a function of distance and particle size, which may be postulated {rom decay schemes and the

. mechanice of particle-formation.

18 D‘EFIN'ITIONS‘ ]

For the purposes of this report, airborne activity is defined as that activity which'is Sus-
pended in air and {6 capable of being collected by the air samplers used for this study. Fall-out

activity 18 defined as that activity which getiles to the ground within the 1imlts of the study area

of this program. Decay constant, as used in this report 15 the variable exponent of decay as
used in the term A = A,T-k : .
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. 2.1.1 Nevada T2st Site and Area of Operationn L o
NTS ig situated in 2 sparsely populated mountainous desert are2 within' the boundaries of ..

Chupter 2 | AR
METHODS AND MATERIAI.S |

2.1 OPERATIONS

the Las Vegas Bombing and Gunnery Range. The two areas within NTS which were used for

' detonation sites during Operation Teapot were Yucca and Frenchman flats. These: flats may be

described as bowls surrounded by 'ncuntain ranges rising about 500 ft above the floor of the
bowls.

The areas of study extended from 7 to 160 miles lrom GZ i.n the direction of the predicted
fall-out patterns. This region is characterized by mountain ranges varving up to slightly more
than 10,000 ft, orlented in a north-south direction and separated by wide alluvial vaneys. ’I'here :
are few improved roads ¢r highways, but a large number of traiis in various conditions of re=

pair a.ﬁorded access to much of the area.

2.1.2 Organization‘

During the maximum-effort shots a tota] of 20 pe‘rsoris were regularly invelved in both field
and laboratory work, with cooperative assistance from Project 37.1 personnel. Twelve persons
were on-temporary assignments [rom other AEC contractor installations, the U. S. Public Health
Service, and the U.'S. Department of Agriculture, The others were permanent employees of

AEP/UCLA,

“Three organizztional groups were involved in the study of a detonation. The Field Group
consisted of five teams of two men each, with another team of two being added for speclal as-"

signments on selected shots. These teams were responsible for the installation and operation of -

sampling equipment and monitoring and {ield observaticnsQ_ The ¢ollected samples were proc-
essed by the Laboratory Group. The Administrative Group was responsible for the direction
and correlation of both laboratory and field efforts, including the necessary logistics and support,

. 2.1.3 Basic Ope-ational Plan

Since the fall-out pattern was dependent on meteorological conditions that varied with time,
2 weather unit correlated all available weather data and predicted fall-out paths to aid in the
establishment of sampling stations, Meteorological information was received from the Alr
Weather Service and other organizational groups af the Test Director’s Organization.  Infozs
mation on the predicied fall-out pattern which was necessary for the teams was relayed by
radio and/or telephone to the field teams. The stations were established on. the predicted mid-
line of fall-out and on each side of this midline, The teams were aliowed approximately 4 hr
to establish their stations and to depart Irom the Ia.i.l-out area. . . S

18

Ly ——



z

R -

o

AT e g e

R

S

o g e

TEFRYL S

2

- .

e e i o g et Sk LM

Owing to the mountainous terrain in the sampling area, which interfered with communica-"
tions, it was necessary to establish an aerial relay station, which was borne aloft in a USAF
C-47 rlymg out of Indian Snrings. This relay station was in operatian at approxlmately H-5 hr
and H+30 min. The two aerial operations were required in order to send station-location di-~
rections, based.on the latest possible information, to the field teams. -

Because of the nonautomatic features of some of the sampling equipment, the teams were
reguired to attend routinely the stations under their supervision. During the time between these
routine trips and while checking stations, the {ield teams monitored the roads and trails on.
which they traveled. The data from the beta-gamma survey meters were reported when the _

‘teams returned to Mercury. Stations were secured at approxlmately I‘+30 hr and au teams
’ returned to base wilh equ:pment and samples. :

22 FIELD SAMPLING STATIONS e

2.2.1 Station Locations

. Prior to the test series, various roads and trails were selected to be used as sampling
areas. These approximated arcs 29, 40, 80, and 160 miles from the test site. The actual station
locaticns on these arcs were not preassxgned since weather condiiions ultimately determlned

theirposntions- : . o _ o . L

2.2.2 Basic Sampllng Complement

The sampling stations were defined as. follows depending on the equlpment lnstalled'

1. ‘Routine Air-sampling Station: This station consisted of an automatic air sampler, a wets
impinger sampler, & directional high-volume sampler with throttle, a background recorder,
gummed-paper assemblies, and a_skin- dcse film pack These stations were installed in right

- and left flank positions.

2. Midline Air-sampling Station: This station consisted of all the equipment of 2 routine

‘station plus extra equipment capable of obtaining date needed for correlative studies, e.g.;

extra gummed papers for uniformity st{udies, directional vs fixed high-velume samplers with
and without throttie to determine wiich sampler gave the most representative sample of air-

"borne concentration, a cascade impactor to be used to obtain size-analysis data, and a wind-

direction and velocity recorder (Fig. 2.1).
3. Tray Station: This station consisted of a pair of gummed-paper assemblies. The tray

stations were located between air-gsampling stations and on éither side of the flank stations.

" Flg. 2.1—~Typlical midline alr-sampling station,
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2 3 FIELD SANEPLING EQUIPMENT AND TECHNIQUES

_ reliability, and consistency of operation.
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The selection of ﬂe]d-sampling equipmenl was based Iundamentally on the greatest antici~
pated yteld of information describing biological hazard and aiding in the formulation of a theory
to explain the various fall-out patterns. The requisites of such equipment were portability, -

All air sampling was done at. 3.to ¢ It above the ground. Gummed papers and film packs
were also exposed at this height. Survey-meter readings were taken 3 ft above the grcund and
at Ieast 50 {t away from any buﬂdings or vehlclel, . -

'2.3.1 -Modified High-volume Automatic Alr Sampler

Basically this unit consista of the automatic air sampler descrlbed ina previeus report 1
Several modifications have been made in the design of this unit to improve the over-all performs
ance. During Operation Upshot-Knothole It was noted that the filter seal was not adequate. A
positive filter seal was assured by the use of a screw type retaining ring. A d-c indexing motor
replaced the rotary solenoid in'the orizinal unit, thus the positioning of the filters in the
gampling orifice was positive. The samplers were adjusted to sa mple for 2-hr periods. Initia-
tion of sampling was sstata suitable period, usually 1 hr prior to predicted fall-out time, by -
means of 2 delay-timing mechanism, which yielded delay times up to 20 hr. The samplers
were placed on card tables with the sampling orifice 42 m from the ground and facing Gz

E (Figs. 2.2 and 2.3).

) The filter medium psed in these u.n.its was A molecular filter (Mimppre) backed by an MSA

all-purpose dust pad, type BM-2133, for support With this f{ltering combination the rate of

air flow averaged 8 ft’/mln o . ) ‘ .

2.3.2 Modﬂledngh-vulumeMrSampler . Cose T T .
A vacuumeeleaner type of eamplnr waa mM__fled to sample throngh ﬂat filters. In order to A oo

' compare the effect of sampling velocity, several units were equipped with a reducing orffice to = - .
' obtain a velocity equivalent to 38.14 mph. These units were compared to units which sampled . i .

at a velocity of 5.2 mph under unrestricted flow conditions. The two types were suspended
from a support by means of aylon cord, and vanes were attached to the rear of the unit so that

‘the sampler faced upwind. At the same location a sampler was placed in a fixed direction,
. toward GZ, with the orifice throttle in place (Figs. 2.4 and 2.5). The concentration data ob- - |

tained by these three sampling methods were compared o determlne the effect o! orifice ve- - -
locity and direction on measured airborne concentration. :
These units used the MSA all-purpose dust pad, type BM-2133, as the filtering medlum

' The sampling rate with the throttle in place was 38 !t’/mln and without the throttle the raté

was 40 f:’/min. The filters on these units were changed manually approximately every 4 hr.

j 2.9.3 Jet- ~-impinger Alr Sampler

The jet impinger, or wet impinger as it 18 commonly designated consisted of two units: a

' polyethylene container (3-pint capacity) anda Lucite impinger assembly, consisting of a 0.75-

in.~1.D. outlet tube and a 1-in.-1.D. intake tube ending in z five-jet impinger. Three baffles,
evenly npaced along the tube with alternately positioned perforatlons, served to decrease both

splashing and bubble size.
“The ltquld-sampllng unit conzisted of four lmpingers whose outlet tubes were connected to

‘a central reservoir, the entire unit being enclosed in a 14.5- by 14.5- by 18.5-in. wooden case,

At the beginning of the sampliag period, individual tmpinger contalners received 350 ml of one -
of the following solutions: (1) distilled water, {2) 0.1N HC, (3) 0.IN Na,5,0,, or (4) sodium ' : -
diphosphate ~citric-acid buffer solution at pH 7.6. The reservoir was connected by rubber . :
tubing to the intake of a Parson's air sampler operated without a magazine. In order to prevent ‘ .
freezing of the scluticne, a 100-watt heater tape connected to the electrical clrcuit of the un- C

mcdifisd eampler was placed sround the impinger contalners (Figs. 2.6 and 2.9). ‘
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S Fig. 2.4—High~- and low-inlet velocity directional samplers and method of installation.
Cascade impactor is located on fence post at uppet right, ' ‘
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Fig. 2.7-—Plastic Impinger unit, showing nozzles and .diffuslon plates.
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The inftiation of sampling colnclded with that of the modified high-volume zutomatic
samplers (See, 2.3.1), and.the samplers operated continuously for approximately 8 hr. The
reduction of solution volume through vapor loss (approximately 162 ml/hr/icapinger) required”
periodic additions of the solution during the sampling period' to maintain a minimum volume of

200 ml. At the conclusion of the sampling period, the intake orifice of each lmpinger was sealed

with a rubber s.opper 101 transport to the laboratory.

2.3.4 Modified Casella Cascade Impactor .

These units consisted of the standard Casella impactor with an added {ifth stage conalat-
ing of 2 Whatman No, 41 filter {Figs. 2 4 and 2.5). The 1mpactor5 were opera.ted in aequence
and changed manuauy L :

2.3.5 Gummed-paper Fall-out Sampler :

The determirnation of primary fall-out concentrations was uﬂt;ated by the collection of fall-
out particlies on 8~ by 9-in. adhesive-covered cellophane sheets. The sheets were mounted on

. galvanized-iron plates 4 ft above the ground. Normauy, two gummed papere were used at each
installaticn to increase the sampling area (Fig. Z.8], but four g'ummed papers were used for

some studies.
At the midline atatlons a studv was made of t.he persistence and migration of t.he Iall-out .

material. After several hours of exposure the expused guramed papers were removed, and
fresh papers were installed. Fresh papers were also exposed 6 in. above the ground at this
time. On termhution of statioa vperation, these papers were removed and returned to the

l.aboratnry

2._3.6 Background Recorder

An esseniial phase of the study of fall-cu. phensmena was the determination of fall-cut
time and the duration of fall-out. This was accorplishad by means of a background recerder
consisting of a Neher-White ionizatlon chamber connected to a d-c —cperated current amplifier.
whose output drove an Esterline-Angus recorder (Fig. 2.9). All the components were installed
in a metal case, znd the detecting unit was exposed only to the radiztica penetrating the cabinat,
The response of the detector and amplifier was logarithmic and-ranged up-to 160 r/hr. The.

time ot which o riss incctivity t0 2 =r, 'hr wag naoted was dogignatad ne tha fall-ont l'img and

Fr el b g

the time from the initial rise until the radiation level began to dﬁcrease below the maximum

 was designaled as the duration

2.3.7 Fil:r.-pack Dos!metry

- A description of the techniques and analytical procedurea nssocm*ed with this phase ol
fau out documentation hag been 1ssued separately. :

2.3.8 Field Monitorlng

Tke fall-out paiters was dsfined on the basis of radiation-intensity measurements across
the path of fall-out. The data were obtained by the reguliar station teams and special monitor-

- ing teams using Precision rodel 108 G-M type beta-gamma survey meters and Jordan model
- AG-5%0 jonization-chamber type ganma survey meter&

. On the passage of the fission cloud the teams traversed their reaperﬂve arcs. Readings

‘were taken every 2 mileg uniil an increase in radiation was observed, at which time the teama

moved until a reading of ! mr/hr was obtained. During some tests, teams then proceeded to
inake readings across arcs at 1-mile intervais until a value of ! mr/hr was agaln reached,

This information was hrought to Mercury by the teams, and the data wera. plotted. During shots
-"of particular interest the location of 1 mr/br was again the starting point for the monitoring

" survey. However, in ihese cases, readings were taken at 0.5-mile intervals until a value of

- 1 mr/hr was again rea ched. The tearas rough-plotted their data to determtne the approximate

midline, and then they teok instrument readings at'0.1-rnile fntervals ‘for a distance of 0,5 mile
on either side of this midpoint. This information was also brought to Mercury for plotting.
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Fig.‘2,8—-Me:hod of exposing gummed

sampleri.

papers, showin'g rglative position of fl,- nnd 4-va:

Fig. 2.9—Internal mechanism of baz:eryl-op'cratcd background record‘et.."shb_\irlng_ relative
positions of components. : ‘
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2.3.5 Wind-direction Recorder _ )
Two stations, 20 and 80 miles from GZ, were equipped with wind-direction recorders.

The equipment used was the commercilally available cup anemometer and vane instrument sup-

plied by The Instruments Corporaticn and trademarked Anemograph, This instrument records

wind velocity and direction on the same strip chart. The velocity range wasfrom 3 to 75 mph,

and the direction was -360 deg in scope, The Instrument gave informauon for correlation with

air-sampling results. : .

2310 Soil-sample Collection .

The locations for soil sampling depended on the {sodose plots that deﬂned t.he Iau—out pat- Co
terns. If the field teams were not notified on the morning of D+1 day as to the location of the -

* midline of the fall-out, they used the maximum radiation-intensity location as the midline. A

sample consisting of 3 {1 of surface soil was collected at this point by the use of & J-It’ tem-
plate (Fig. 2.10). Samples of similar areas were taken at intervals on either side of the mid-
point until the activity had decreased to 1.0 mr/hr These samples were then brought back to

the laboratory

Fig. 2.10—Method of colléctlng 1-fi? gofl-surface sample using steel lemplate,

2 4 SAMPLE PROCESSING

2.4.1 H1gh-volume Air Samples

Each group of high-volume samples from an individual sampler was assembled as a unit
in sequential order. The filters were placed in cellophane bags, and a code designation was’

©  assigned. All the members of a series were placed together in an envelope with a cover sheet

identirying the unit. The complete set of filters was then ready for radicassay.

2.4.2 .Tet impinger Samples

Oz the completmn ofa sampling run, the field team in charge stoppered the impinger units
ang returned the complete set of four to the laboratory. Each container with its liquid was
handled as a 'separate entity. The filtration equipment consisted ol an all-gl2ss filtering funnel
and M11hpore filters. The contaminated suspension was poured from the impiager flask into
the upper section of the funnel, and the filtrate was collected in a 500-ml volumetric flask.:
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When all the original suspension had been filtered, sufficient washings of the same liquid wers
“used to bring the volume to 500 ml. The flagk was then marked with the identifying code, A
25-ml aliquot was taken and placed in a Petri digh, Tha liquid sample and the Billipore {ilter
were then dried and counted. U sufficient activity was found in the solution, the balance in the
‘ volumetric flask was placed in polyethylene storage bottles. .

F ' . 2.4.3 Cascade-l.mpactor Bampleo .
> ' _ ‘ " Each cascade unit was dlsmantled in the Iaboratnry, and each stage was mrked The five
- - ' S stages of the samples were counted in sequence in the same scaling unit. Individual units in the

sampling sequence were handled In this manner, and the data were tabulated in serial order,

2.4.4 Gummed-paper Fall-out Samplel

'After the sample papers had been exposed and were ready for collecuon, two trays were
' placed face t5 face for transport to the laboratory At the laboratory the exposed areas Were
removed from ‘the trays, and the papers wore cut in haif to yleld two 4~ 57 8-in, counting
samples. These papers were placed in collophane bags and marked.

Gummed papers were radicassayed on {lat-plate counters. Selecicd samples were saved .
for decay and energy studies. Other samples were selected for autoradiographic studies.

LT 7 245 Sofl Samples
- L If wst, soll samples wers lnitla.ﬂy d.rled by the use of gas hot plates. After drying,
. total quantity of soll was sleved through a 2-mm sieve, and the weight of material <3 mm was
obtained. Triplicate 100-g samples of the <3-mm soll were placed in 4- by 9- by 1-in. bn.mn

" and counted in flat-plate counters.’ .
One of the 100-g samples was placed in a aleve nest (Fix 2, 11) and ehaken for 80 minto

ot yleld the following Bize fractions, in microns: o .
2000-500" 250177
. 500-420  177-12%
; 420-350 125- 88
350 -300 88— 44
300-250 . 4= O

The Iracuon of 0 to 44 y was subjected to further fractionationin a rol.ler part.lcle--m
analyzer (Fig 2.12) to yleld the following size fractions, also m microns: .

44-20
20~ 8
5- 0

I

Each of the above fractions was weighed and radicassayed for total radicactivity.
Selected soll fractions were treated with distilled water, 0.1N HC1, 0.1N Na,;8,0y, and
sodium diphcsphate —citric-acid uffer solution at pE 7.8 to determine soluble components.
Samples weighing 0.1 or 0.5 g were suspended in 50 or 250 ml of solution for 30 min, respec-
tively, with occaslonal shaking. The suspensions were filtered through Millipore filters; and
" the residue and a 25-ml aliquot of the filtrate were dried at approximately 100°C. The dried
‘samples were radicassayed, with appropriate seu-absorpt!on correction factors being npplled

_to the reaidnal samples.

2.5 RADIOACTIVITY ASSAYS.

- 2.5.1 Equlpment and .echniquel

‘ Two types of radiation counung equ.tpment were \..sed Small aamples, such as cnacade- o
impactor stages, wet-scrubber samples, and a number of scl! samples azlected for decay and
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. energy investigations were radioassayed by halogen-filled Anton No. 10017 tubes having window
B ' " . thicknesses ranging from 1.4 to 2.0 mg/cm? in conjunction with IDL or Nuclear acalers. The -
s o ’ ’ -tubes were mounted in 2-in,-thick aluminum-lined lead shields. Individual samples were .

: ' courted for atotal of 1000 counis or 5 min, Whichever required less time, at geometriee rang-
. . 'ing from 2 to 30 per cent,
. i The large-arez samples, such as alr filters, g'ummed papers and sol! samples, were
S, counted n flat-plate methane-flow proportional counters (Fige. 2.13 ta2.15). These units,
W which were fabricated at Los Alamos Scientific Laboratory, have a higher count acceptance
’ ' than the G-M type. Each unit consisted of an unshielded flat-plate counter having an aluminum- .
coated Mylar film window {0.8 mg/cm?) followed by a.linear ampllfier and & binary scaler.
Samples were counted Toutinely for a minimum of 40,000 counts or 5 min, whichever required
less time; thin samples were counted at a geometry of 30 per cent, whereas thick or exceed- )
ingly radicactive samples were counted at geometries ranging to 4 per cent,

Counting efficlencies were determined by the use of Ra-D and -E standards prepared by
adding aliquots of standardized Ra-D and -E solutions to Whatman No. 1 filter paper. All ‘
standards were enclosed in a 1-mil thickness of aluminum to absorb the soft-beta components. -
The standards approximated the dimensions of the gamples to be radioagssayed, and they were
compared under the same counting conditions,

Coincidence correction values were determined by the method of counting two. eamples :
individually and together.

The size analysls of suspensions derived from alr-ﬁlter samples wag accomplished by,
using a thin anthracene crystal in conjunction with a photemultiplier tube ‘and rate meter to
measure the rate of change of activity while the suspension was allowed to settle (Flg. 2.16).

Corrections for the decay of fleld samples were based on the following equation, descr!b- o
ing the decay of mixed {ission product.s- : :

. ’ ' ‘ ‘Angm—l-!

o o where A = activity or dose rate at any time’ t S L _' - o
T ) A, = activity or dose rate at any reference thne t‘ R )
‘ T = ratlo (ftimettotlmet, . L - o

. Radioactivity values are expressed in terms of mlcrocur{es as derived irom 1.he equlva.lency
ml,»ctozzzxm‘d/mm S

2.5.2 Determination of Airborne Activlty Concentrauon

Alr sampders were ca.librated prior to sampling with: respect to sampllng rate, and the
total volume ‘of air sampled per filter wag calculated. The total activily divided by the latter
value yielded the acilvity concentration at the time of counting. This value w2s corrected for
‘decay to the midtime of sampling and to H+12 hr. Since 2]l samples were then on & common’
basig, comrparfsons could be made regarding the rate of cloud travel and the rate of deposmon
of fission product

2.5.’3 Determlnatio’n of Fall-out Actlivlty per Unit Aree '

" ‘ Fall-out actlvity per unit-area values were determinad by two methods: (1) gummed papers '
s R and (2) sofl samples. Duplicate or quadruplicate gummed-paper samples, each .epresenunz ’
0.5 {1, were averaged to yleld unit-area activities.
Triplicate 100-g samples of the <2-mm 30ll material were placed in 4- b‘y 9« by 1- uz.
: ‘ cardboard boxes and radicassayed by gas-flow counters. Radloactivity values were extrap-
) . : olated to zero mass by sample self-absorption factors, which were determined by counting .
increasing welght increments of contaminated soll. These factors were determined periodi- .
- cally throughout the counting perfod to account for energy variation with time. The average
- radicactivity of 100 g of soll was then related to activity per unlt area through the total welght -
' oi<2 -mm 8¢ ucol.lectedperSIt‘ , o .
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Fig. 2.13 —Flat-plate methane-flow

(afrer shelf is closed).

proportional counter with aif filter in position for counting
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\ "' Fig. 2.15 —Gas-flow detectfng element and proportional counter with soll-sample fraction in
: counting position. i E Coa
. N : i ' o ) . e T - c
' " '.
‘ s o . Fig, 2,16-—-—C‘omponems of radiosedimentation unit with derecting elements at right. Other
. ' parts are rate meter and recorder,
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A - For purposes of comparlson all activity per unit- -drea values were corrected Ior decay to
H+12 hr . . .. R c

[N

2:5.4 Determjnatlon of Particle Size of Fall-out Materinl

-Two types of samples were measured for thelr size distribution. The soll samples frac-
tionated by sieve nest and roller particle-size analyzer yielded a direct weight analysis. Each
of thege {ractions was measured for total radloactivll) yielding the activity distribution with
size.

The air samples were analyzed by two dlﬁerem technlques A simple and commonly used

. method waa that of the cascade impactor. The distribution of the activity was an 1ncucation of
" the size distribution of the airborne activity.
) ‘The particulate matter on selected molecular filters was also s.ze-analyzed after the total
. actlvity was determined. A molecular {ilter was digsolved in 20 m] of 40 per cent acetone
. and 60 per cent Cellosoclve. This suspension was placed in 2 polyethylene test tube so that the -
level of the liquid was 1.25 cm above a 0.25-in.-thick anthracene crystal. As the guspension
settled, the light output of the crystal decreased. This output was detected by 2 photomultiplier
tube connected to a recording rate meter, By the use of Stokes’ law, the acuvity contribution
by each size fraction was determined from the trace. . .

2.5. 5 Radiostmntium Analysis of Soils

In order to obtain a measure of the fractionation of radlosrrontlum in fau-out material, a
serles of soils from Tesla and Met shots were assayed radiochemically for this isotope. AN
the soils were dry-sieved to obtain the various size fractions. The predominant particle size’
and the 0- to 44-u size were then analyzed. Using the Tesla solls, the total activity and radio-

- strontium content were determined. For the Met solls, the same activities were measured, in
addition to the determiration of exchangeable total and radiostrontium activities.

Total activities of soils were determined by treating'a 5-g rample with HC1O; and BF, The
residue was dissolved in dilute ENO,, and zhe volume was made up to 100 ml. Aliquots were
plated on planchets for radicassay.

Radiostrontium determinations were made by first fusing the sotl aliquot with Ha,C0, at
§00°C for 1.5.-kr. The melt was dissolved in dlute HCI, evaporated to dryness in Pyrex beakers,

' and baked for 1 hr at 110°C to dehydrate the silica. Fifteen mllliliters of concentrated HCl was
-added to the dried residue and allowed to wet the aolids completely, after which 225 ml of water
was added. The suspension was heated gently unti]l only the silica remxained undissclved, The
s{lica was filtered and washed with a 1:20 dilution of HCl. The dried silica was checked for
activity. Significant act;vlty‘ was found to be assoclated with the sllica at this point. Fortye
eight per cent of HF was addad to convert Si0, to 81F,, which was volatilized by evaporating to
dryness. The small amount of {nsoluble residue containing the activity was again fused with
Na,COy, and sllica was separated as described above. No actlvity was found in the silica at this
stage. Strontlum carrier was added fc the combined filtrates from the above separations, and .
.they were then neutralized to pB 4 to 5 with NaOH; Na,C0Q, was added, and the resulting precipi~
Aate was filtered. The precipitate was dissolved in dilute HCI and evaparated to dryness. Water .
and fuming HNOy were added to the residue to give a final concentration of 75 per cent HNO,.
This served to dissolve most of the salts present, other than barium and strontium nitrates.

The strontium was redissolved from this precipitate with water, and the resulting solution was
scavenged with Fe(OH), and BaCrQ,. The strontium was precipitated from L.;e Illtraie as the
oxalate,

‘ The exchangeable actlvtty was determined by Iezch.lng the soil sample with norme.l
NH,C,H,Cy (PH 7.0). The leachate was dried, ashed, and then put into solution with water,
Aliquots of this sciution were used to determine total exchangeabls activily. Strontium carrier
was added to the remainder of the golution and to the strontium-isclated axalate preclpitate,

as in the above procedure .
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Chapter 3 B
RESULTS -

3.1 SHOT PARTICIPATION

Six detonations of varying characteristics, as summarized in Table 3.1, represented the
major effort of Project 37,2. The data derived {rom the several detonations varied to some
extent with regard to quantity and type, dependmg on the characteristics of the detonation and
program requirements.

Special samples were collected from Mgocth Ia.ll-out and they were characterized on re-
quest of the Fall-out Prediction Unit of the Test Director’s Organization, The dzata from this
study are in Appendix A.

On the request of the Division of Biology and Medicine, samples ccllacted by an airplane
flying through the cloud from Hornet shot were analyzed and characterized. At that time, some
decontamination studies were made on the samples, and these data are given in Appendix B,

TABLE 3.1— PROJECT 37.2 SHOT PARTICIPATION

Helght,

Shot* Date (1958) Time ft Yield, ikt
Tesla 1 March 0530 P3T 300 8.9+ 0.2
Turk ? March 0520 PST 500 43.0 £ 2.0
Bee 22 March 0506 PST 500  8.1x0.3
Apple I 29 March 0455 PST 500 15.5 & 2.0
Met 15 April 1115 PST 400 23+1.5
Apple 5 May 0510 PDT s00 30.0 2 8.0

* Met was flred oa Frenchman Flat; all other shots were fired on
Yucca Flat.

3.2 METEOROLOGY

3.2.1 Forecasts

During the period 12 February through 5 May 1955, 51 12-hr operational forecasts (mide
iine of fall-out) were made. The approximate accuracy of thege midline forecasts was 68 per
cent, and, on this basis, four of the eix shots worked should have been fall-out “hits.” In prac-
tice, two direct fall-out hits were realized; and, in two other cases, the {ission cloud went
directly over the midline sampllng stations. It is belleved that the latier two cases would have

been hits if the proper cloud heights could have been forecast,
34
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3.2. 2 Trajectories .

T o . Constant-layer air movement determhations were caIculated for the six sho!s of interest’
R — to Project 37.2. Based on these data, surface positions and times of arrival of particles famng :

‘from within the debris cloud were determined. For the four shots that were stud.ied tn detml
- the computed predominant particle sizes are included, C o
The surtace positions and times of arrival of particles falling from with.n the cIaud were
computed as follows: = :
The atmosphere was divided into equ.a! layers of 5000 it parallel to mean sea level, and 1t . -
. was assumed that a reported wind was representative for the entire layer and that a given wind
held for a period of time midway between.the reported time and that of the next observation. I
more than cae wind was reported within any given layer, the vector resultant.was determined, _
with speed equal to the length of this resultant vector divided by the number of winds reported
for that layer. Streamline isotach maps weré analyzed for each layer and for each observation
time {rom shot time to the limit of the data {n time and/or area. A particle was then started. .

- at the top of each !i000-1t layer and profected until it reached the ground. Assumptlonn ueed m
thege compumtlons included the following: . .
1.  Any given particle epént equal amounts of time {n-each layer durmg its descent. S

2. A part.tcle was advected exictly with the wind, and instantaneous velocity occurred,
3, It was posaible for all partlcles in the 0~ to IOOO-p-diameter range t{o reach all leveln
with the cloud. _
No diffusion or vertical motiona wera taken into account in any of the comp-..-tations, and the
. cloud was considered as a line source; therefore, no narucle distribution across any givea layer
‘wao considered. To demonstrate the change of wind with time in a layer and over the area
consldered, coastant-layer trajectories were computed The trajectories demonstrated the
path of particles remaining in 2 layer throughout a given time interval. The dizgram of con=
- gtant-layer trajectories {Figs. 3.1 to 3.6) and surface positions and Hmes of arrival of perticles
(Figs. 3.7 to 3,12) show GZ and a portion of the NTS aren as outlined on standard aeronautical
_charte of scale 1: 500,000, The times shown at each position along a given altitude or layer are
Faciiic Standard Time. Table 3.2 lists t.he approx[mate height of cloud a.nd shot tme for each
of the eix detonations considered,

2 . ~ TABLE 3.2—SEOT TINE AND CLOUD HEIGHTS
v ... ..+ USEDIN TRAJECTORY ANALYSES

R Shot time | Cloud hefght, -

Cee T ghot PsT) ' febove MSL '
Tesla ' . 0530 27,000
" Turk < 0530 42,000
Bee , 0505 - 40,000 -
L e S Apple I ' 0455 ... 81,000
PR e T R - . Met - _ 1215 42,000
EE ‘ ' Apple D 0410 ‘ 40,500

The computatlons of predominant-size particles at the various ground positions were ace
compllshed uging an equation developed by Rubey, namely. . S ‘

o % 387 Zgp-p
V= = = i a
# T pd Pad 3 p

where u = viacosity of air
Py = density of the alr
d = dismeter of the particle
g = acceleration of gravity .
) p = density of the particle .
vy = terminzl velocity of the particle o C S
. : : 5 {Text continuen on page 44.)
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Fig. 3.2—Comuant-layer usjectories, Turk, - )
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Fig. 3,14 ~~Predominant particle size (in microns) on surface, Apple L,
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To obtain a workable solutlon of the above equation, certain assumptions, in addition to
those mentioned previocusly, were made, namely:

1. That a particle reaches termlnal velocity in a very short time alter beginning its descent.

2. That the atmosphere is homogeneous with a rcostant densltv of 7x> 10“ g/cm and a
constant viscosity of 1.63 x 1074 polse.
" 3. That the average density of particles is 2.5 g/cm?,
Using the vertical distance to the aurface and the hour of arrival after shot time at each
surface position, the 2nproximate predominant fparticle diameter was computed. Four computed
particie-size analysis maps are shown (Figs. 3.13 to 3.18),

3.3 FALL-QUT CONTAMINATION

3.3.1 Fall-out Patterns in Terma cf Infinite Dose

Ou the day following the Tesla shot, seven monitoring {eams were sent into the field to
determine radiation intensities on seven roads and tralls that crossed the fall-out pattern. The '
pattern, which lay in an easterly direction {roia NTS, 18 described in Fig. 3.17.

The {all-out pattern on the Turk shot was not defined due to the general mnccessibillty of
the area recelving the primary fall-out. Generally, low levels of surface aclivity precluded the
definition of the Bee fall-out patiern,

Apple 1 was a postlshot participation, and six teams were sent out on D+1 day to obtaln
radiztio ' .tencity data and soil sa!.'nples The results of the radiation- intensity dita have been
plotted in Fig. 3.18,

Owing to the quantity of equipment used and the data collected in the Met shot participa«
tion, radiation intensities weire measured on only three arca. The data from these measure-
ments and from Off-site Rag-Szfe have been plotted to yield the isodose map shown in Fig. 8.10.

Since the Apple II shot participation involved the postshot maintenance of air-sampling

equipment, only three arcs could be studied for radiation-intensity levels. Data from both this

project and Off-site Rad-Safe were used to plot the lsodose map, showing the fall-out pattern,
glven in Fig. 3.20.

The above figures are suggested as references for the identification of sampling locations
described in the succeeding sections.

During Met and Apple I shots, fall-out 1ntensity recorders were operating. Two of the
records from Met were sultable for more intensive analyals than merely time-of-arrival meas-
urements. These were irom stations 20 and 58 miles from GZ. The data obtained from the
recording charts are given in Table 3.3.

3.3.2 Soll-sample Collections

The results of soll-sample analyses, on which the determinatlone of unit-area activities
and particle-size disiributions are based, are given in the appendixes.

A total of 77 soil samples were collected on seven arcs ¢roasing the Tesla fall-put pat-
tern. These data, presented with reapect to distance from GZ, appear in Appendix C,

TABLE 3.3—~ANALYSIS OF TIME-INTENSITY RECORDS FROM MET S§HOT

Inte-
gratad
G
Time Time Peak doseto amma decay slopes N
Dig= of of peak activ- time of H+1.25 H+3.5 E+10.75 H+16.76
tance, arri- activ- ity, arrival to 3.0 o 55T to15.75 to 23,78
miles vsl, hr ity, br r/hr +12hr hr hr br hr
20 H+0.3 H+0.66 500+ 760 r* -1.07 -1.48 -2.10
58 H+23 H+2.83 1.1 4.0 -1.51 ~1.30 178

- *These Tesults are based oo extrapolations of measured off-scale values obtatned trom the background
recor‘er.
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The Turk fall-out pattern was sampled 2t only one distance, 11.5 miles west-southwest of F
GZ. The results of four soil-sample analyses are given in Appendix D. ' ;

The Apple I fall-out pattern was sampled on six arcs, ylelding 78 individual soil samples.
These data are given in Appendix E.

Soil samples were collected on three arcs crossing the Met and Apple II fall-out patterns.
The results are given in Appendixes F and G, respectively.

3.3.3 Fzall-out Distribut'ion As a Function af Distance !rdm Gz - - --

Determinations of the total fall-out contamination at specific distances Irom GZ were )
made by plctting observed radiaticn-intensity (mr/hr) and surface radioactivity {uc/ft?) ‘¥
values with respect to distance acrogs the fall-out pattern and then integrating the areas be- -
neath the curves by measurements with a polar planimeter. The integrated values have the
dimensions of mr/hr x ft or pc/It; however, these units have little physical significance, and
the data are presented as if all the activity across an are were located at a point a specific
distance {rom GZ. Figures 3.21 to 3.24 give total fzll-out contamination as a function o! dis- o -
tance from GZ for the Tesla, Apple I, Met, and Apple II shots. . -

The total fall-out contamination curves based on both mr/hr and yc/ft* values generally -
‘demonstrated a rapid initial decline to a distance of approximately 50 miles and a less rapid ' -
decline at greater distances. The Apple TI shot was an exception in that an increase in total
contamination between 7 and 48 miles was indicated. A slight tendency for the total contam.na-
tion curve of the Tesla shot to increase beyond 78 miles also occurred.

If the data from the Tesla, Apple I, and Met shota are platted on log-log paper, stralght-
line relations are apparent. However, the data from Apple II would seem-to indicate that the
information was not complete enough to obtain the total fall-out pattern at 7 miles from GZ. -
The equations of radiation-intensity and surface contamination vs time, as datermined {rom '
Figs. 3.25 to 3.27, are as follows:

For Tesla,

v

2T x 1t = 3.17 x 108 T4

s lrl"i

T

o 8 1.0 : . * s
=576 10° T _ .

For Apple,

[

5:;' x ft = 3.26 x zq° bRt

e _ ¢ 1..7.0 ¥
;289X 10 7t :
For Met, -
mro, 8 0. - - o ' e
s X it= s._-'.s x 10* T%9 : | :

ke _ a8 Il‘.u
ﬂ-40.6x10 T;

where Ty is fall-out time in hours and mr/hr x £t end pe/ft are integrated values across the
fall-out pattern. :

Utilizing data on Tumbler-Snapper 7 from Report UCLA-243, Upshot-Knothole 5 and 7
from Report WT-811, and Bee and Zuechini from Off-site Rad-8afe reports of the Operation
Teapot series, the same line of relation is evident. Thc equations, as obtained from Fig. 3.28,

are as folluws: 49 (Text continues on page 5B.)
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3.3.4 Radiation-ltensity Levels Ao a Functlon of Weapon Yield and Tower Height

Radiation-ihtensity values were first plotted vs distance across the fall-out pattern at
varying distances from GZ. The Integrated values obtained by this method were then plotied
ve distance from GZ (Figs. 3.21 to 3.24). Graphical integration of this plot between fixed dis-
tances from GZ would indicate the total contamination to be found within these distance limits. -
In order to compare fall-cut activitica beiwesn various shots, it was necessary to integrate
the fall-out plots between limite of distance that coincide with {fall-out times of H+0.8 and
H+2.2 hr, These times were gzlected since all the shots studied had these fall-out times 1n
common. Figure 3. 29 showa the relation between yicld at two tower heights to leveis o.t con-
taminaticii.
‘ The total fall-out nf Apple II did not agree with the experimental data from the other 500-ft
tower shots. There appeared to be twice as much activity from this shot as would be-expected
from 2 device of this yield on the besis of the plot. After studying fall-out data and fall-out
‘patterns, it appeared that the value for Apple II may have been low, and this would make the
fall-out from Apple T1 even more than twice the experimental value, No reason for this varia-
tion was apparent on the basis of infor; ;ation available io this Project; however, it might be
postulated that differences in shielding materizl and equipment in the tower cal: caused more
of the activity to fall out close t0 GZ, witha correspond.lng decrease in the amount scattered

- over the rest of the tzll-out area.

3.3.5 Comparison of pe/ft!: mr/hr Ratios

The faflure of the ge/ftt and mr/hr curves in Figs. 3.21 to 3.24 to remain parallel reflects
differences in the pc/ft?: mr/hr ratio at different distances, and a simtlar variation for the
several detonations is indicated by differences in the ordinate units, A summary of lndividual
uc/it? ;imr/hr ratios determined at different distances from GZ for the Tesla, Apple I, Met,
and Apple T shets 18 given in Table 3.4, -

The data revealed considerable variation in the valuen obtained at aLy cne dlst.a.nce from
GZ, which tended to obscure any relztion that may exist bstween the ratio and distance. Simi-
larly, the differences in the ratio with respect to the several shots are difficultl tly defined. '
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TABLE 3.4— pc/ﬂ’ mr/hr RF.TIO‘? DETERMINED FOR THE TESLA, APPLE L, MET
AND APPLE T SHOTS AT DITYERENT DISTANCEIS FROM G2 :

Distancs S _"Average : I
from GZ,  No.of . ratio, Standard "' .. . T
miles cases - po/ft':mr/hr - deviation L
o _ Tesla 3
12 12 1508 828 L T
20 20 " 10.78 © 218 RN
46 ] 888 . 481 ot .
80 9. 1141 . 406 o T
79 8 .47 289 0
98 8 15.77 . 8,88
132 10 16.80 . 2,88
12-132 78 1213 - - 6.68
/ Apple 1 e
15 '- s . 801 . 102
28 12 . 7.07 2.58
64 . 20 19.48 7.48
02 ‘ 17 19.25 "18.8 .
140 .8 5.68 - 4.88
13-140 57 S 1487 108
. M . . ua‘ Lo
20 14 e aam
58 18 . 5.83 1,83
140° 11 8.51 - 2.54
20-140 43 5.33 X ¢
" Apple D .
? 8 © 840 . 854
s B T 1.1 - .71
108 - 8.03 SR % /- S
T-108 32 S .62 3.70

However, the ratios of ue/ftY: mr/hr determined at all distances across the Met pattern were '
consistently lower than those obtatned for the other shots. The average ratie of po/ft :mr/hr
for the four shots, based on all individual values, was 10,54 witha m‘"‘mum value of 3.51 and

a maximum value of 19, 43.

2

'3.3.6 Particle-size Dls'tributlbn with Respect to Distance ér}d Fall-out Time

Median-diameter values, based on mean partlcle size pereentages along individual arcs
across the Tesla, Apple 1, Met, and Ap,.le o fa.ll-out patterns, are plotted with respect to dia-
tance from G2 in Fig. 3.30.

All curves demonstrated a general decrease in medmn diameter with distance Irom Qz,

- Al mbn-m -

although both the Tesla and Apple I curves indicated slight Increases at grzater dlstances.
The percentage and activity aistributions of the 0- to S-p-diameter fall-out material were .

- of special interest because of blological inhalation and ingestion considerations. The 0- to

Sou-diameter mean pereentages and astivity distributions (determined by the appiication of the

Shvnphie Sl ay

mean percentages to total arc activities, ag shown In Figs. 3.21 to 3.24) are plotted with respect

to distance from GZ in Figs. 3.31 to 3.34.
The percentage contributions of the 0~ t0.5-4 material tended to Increase with distance,-

. with declines In the Tesla and Apple I curves at distances corresponding to increases in

median diameter. The levels of 0- to 5-ji-diameter. radioactivity generally tended to reflect
the total radjoauuvhy disiribuuons. _
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If the particle distributions for the Tesla, Apple I, and Met shota (Appendixes C, E, and F) -
were first integraled acress the fall-out patiern and then the results were integrated with dis-"-:
tance from GZ, it was possible to determine the size distribution of the Iall-out within the
lmite studied. A typical correlation is given in Table 3.5. -

' 3.3.7 Radiostrontium Distribution with Respect to Distance and Parti::le Size L

The soil samples of fali-out contamination Irom the Tesla and Met shots were analyzed Ior
radiostrontium approximately 1.75 yr after deposition. Table 3.6 gives the d.ata at this date on

.. the basia of area contamination

‘ VTABLE 3.5-—TOTAL PARTICLE-SIZE DISTRIBUTION OF FALL-OvUT- L

Tesla Apple 1 . Met
Distance range, miles 12-132 238-165 20-140
- Time of fall-out, H4br 1.2-9.2  1.45-7.0 0.3-6.0 " . .
Total activity o 4.26 11.70- .
Percentage distribution by Y ‘
particie-size ra.nge R . o A
Oto4dp . 15.05 22.20 ©. 9.08
44t B8 J -, 80,78 1234 8.87 i
88225z - ° . 13.90 16.15 -14.95'
125101774 . - 19.85 - 19.835 17.25 .
177to 250 p . 9.V 1164  16.81
250 to 300 p o 3.8 ‘6.42, - . 11.08
300t0 350 2.45 5.58 12,75
35010 420 ‘ C 2,45 222 8.54 -
4300 500 T 1.08 - 166 . 8,01

500 to 2000 g _ - 0.80 2.05 218

The fall-out frcm Shot Tesla 1nd.icated that the radio&trontium content reached a pea.k value
at apprexirnately 80 miles from 'GZ both in terms of total radiostrontium per equare foot and '
in percentage of the total activity in the 44- - to 88~y range. The radiostrontium content of the
D- to 44-4 material uppeared to be unlformly distributed at all the distances studied. The : .
analyses of the Met samples indiczted higher levels of contamination both in total radiostrontlum ‘
content and in percentage of the total activity. ‘

Table 3.7 lists the data concerning the availability of total ﬁssion-pzoduct activily and
radiostroniium from Met fail-cut as measured by NE,C;H,0, extraction. On the basls of these
few sampies, It appeared that the radiostrontium was more avatlable than the total fiBsions.

" product material by approximately a factor oi 10, suggest! ng surfacé phenomena, It was not
. ¢onclusiv ely proved, but there appeared to be a trend toward increaging radlostrontium availa-

bility wiLh increasing distance.

3.3.8 Gummed-paper Samples
The Ihet and Appm II shots resulted in the most comp.ete contamination ci prelocated

' gummed-paper stations. Although soil sainples were used as the primary basis for unit-area

activity mensuremen!s because of the detail permitted by postshot sampling, the comparison

of gummed-paper and sotl-sample values was lmportant from the points of view of methodology
and relation 'o previous unit-area activity measurements, Table 3.8 gives the Met and Apple I .
gummed-paper (approximately 30-hr exposure) and aou -sample activity values and. t.helr re-
spective ratlos at different sampling locations.

Consideratle variation in the ratlo of gummed-paper to soll-sample activity cccurred for
both detonations. It might be expected that gummed-paper values would generally be more
varizkle than cdrreqponding soil-sample values because of ihe greater sampling area in the
latter case. When the two 0.005 ratio values were omitted the average ratio of gummed-paper
to anll-sample aciivity was 0.83.

L1



~ TABLE 3.6 —RADIOSTRONTIUM DISTRIBUTION IN SELECTED

PARTICLE-SIZE RANGES"

Total soll
. Distance ) Total sofl radio- ' Radio-
N . from GZ, Particle ectivity, etrontlum, strontium
Shot - mlles slze. it d/min/ft . d/min /1t fraction, %
_ " Tesla 1z D0~ 44 5,140 27.3 0.8
. : 177 =250 394,000 - 1,688.0 0.4 .
20 - 0- 44 44,500 153.5 0.3
125-177 263,500 © 461.0 0.2
48 0— 44 18,400 127.0 - 0T
o 44— 88 71,800 281.0° 0.4
60 0~ 44 15,280 79.9 0.5
. 44~ 88 506,000 964.0 0.7
79 T 0~ 44 18,1£9 65.5 0.4
4~ 88 87,900 988.0 1.5 .
96 0 44 24,500 C0.0 0.0
“44~ 8B 48,300 828.0 1.7
' 132 T 0~ 44 7.780 34.8 0.5
44~ 88 5,130 - 38.3 K
‘Met 20 . 0~ 44 98,200 ' 856.0 0.9
<250 ~297 637,000 . 6,250.0 1.0
297 -350 369,500 © 8,780.0 2.4
.58 0~ 44 49,200 344.0 0.7
‘ 125177 101,000 812.0 0.8
‘ _ 177250 47,850 . 849.0 1.8
- 140 0- 44 20,500 . 991.0. 4.7
" 88~125 19,450 136.7 0.7
125-177 2,025 153.5 7.7 -
s TABLE 3.7 —AVAILABILITY OF RADIOSTRONTIUM IN MET FALL-OUT
Dis= Total 8 Total B activity |
tance sctivity activity Radio~ Radlo- available
{rom : avall- avail- strontium strontium a5 radio-
'GZ, Particle able, - able, available, available, sirontfum,
1afles slze, u d/min/ft! % d/min/ft? % %
20 06— 44 5980.0 6.09 571.0 65.70 0.582
250 =287 355.0 0.06 180.0 2.88 © . 0.028
297-350 274.5 0.07 34.1 0.38 0.009
58 0- 44 1555.0 3.18 1055 30.70 " 0.214
125-177 743.0 0.74 40.68 5.00 0.040
. 177=-250 363.5 0.78 128.4 15.12 0.288
140 0- 44 550.0 2.63 68.0 6.86 0.825
§8-125 . 210.0 1.08 24.9 18.20 T 0128
125177 196 5 .70 19.7 12,84 0.7

The {nfluence of time of exposurs and height above ground on gumme'd-paper radicactivities

were also investigated in Met and Apple I fall-out areas. These results are given {n Tables 3.9

and 3.10.

The data indicated that detectable quantities of radicactive materia] were in motion for
relatively long periods of time after initial fall-out, representing either the migration of 4
deposited material or a contlnuation of fali-out. Regardless of origin, the comparatively low

e levels of activity may be significant with respect to blological aspects, particularly {f it 18 as- |

sumed that the smaller size ranges are {nvolved. No consistent relation was apparent between
the late-exposure values obtained by sampling at 0.5 and 4 ft above the ground surface.’
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TABLE 3.8 —COMPARISON OF GUMMED-PAPER AND SOIL-SAMPLE ACTIVITY VALUES

Gummed- . .
Approx, paper Soi} o "
distence activity, " activity,. = Gummed- . -
. from GZ, we/ft ue/tt? paper/eoll
Location " miles (H+12 hr) (H+12 hr) ratio -
, Met .
22 miles N of Indian Springs AFB 20 050 869 - 0.08
25 miles N of Indian Springs AFB 2217.4 - 55419 0.0
20 miles N of Meadow Valley . 68 158.0 : ' 196.9 T 0.78
18 miles N of Meadow Valley - 317.85 8215 0.99
16 miles N of Meadow Valley 27405 . 6584 . . 0.42°
14 miles N of Meadow Valley . 671.05 3766 ... 1.18
12 miles N of Meadow Valley ) 7.55 9.14 0.83
- 10 miles N of Meadow Valley _ 8.85 219 1.8
8 miles N of Meadow Valley , ' 2.54 182 1.40
16 miles N of Enterprise 140 20.40° . 67.0 10,31
12 miles N of Enterprise ' . . 17.385 . 100.5 . 0.8
9 miles N of Enterprise ) 25.40 1.1 0.38
6 miles N of Enterprise ' ‘ T 24.80 - 38,2 ¢.65
. , . Apple I - » ;
4,1 mlles W of Mercury Hwy. 7 . 23479 2475.5 0.5
2.6 miles W of Mercury Hwy, s 920.6 2070.1 045
0.8 mile W of Mercury Hwy. 0.a7 74.5 0.006 -
12 miles W of Reed : 48 6.45 20.0 " 032
emiles WeofRead - 0 o £4,58 340 1,90
6 miles W of Reed ' : 181.75 108.7 ' L.77
3 milea W of Read - 156.90 430.1 0,32 - .
Read . ’ ’ 884.55 646.8 0.60 .
. 3 miles E of Read o ' 183,85 o ’ .
8 miles W of Warm Springs © 108 T 2.86
0.4 mile NE of Warm Bprings " 18.80
0.5 mile NE of Warm Springs o 3.67 B .
8.0 miles NE of Warm Spri-3s 22,58 19.9 114 - .
16.0 miles NE of Warm Springs o 34.4 . 39.8 .87
24.0 miles NE of Warm Springs : 0.13 256 . 0.005

3.4 AIRBORNE CONTAMINATION

Airborne concentrations oﬂginatihg from the Bzg, Mzt, and Apple II shots were sampled
by the several types of air samplers. The primary data are recorded with respect to distance
frecrm CZ, sample interval, and type of sampler in Appendixes H, I, and J. '

3.4.1 Comparison of Air Samplers

The different conﬁitluns of sampling represented by the several samplers used are suﬁ:-‘
marized in Table 3.11, and the comparative resulta obtajned by the various instruments during

. three shots are given in Table 3.12,

The average concentrations over the entire samjﬂing period obtzined by the respectl\}é
samplers at Individual locations generally agreed within a factor of 4, although considerably ‘
higher variation occurred over shorter sampling intervals (as indicated in Appendixes H to J),

-particularly in capes of extremely low concentration levels. Although vartations occurred in -
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TA.BLE 3.9 —INFLU NCE OF TIME OF EXPOSURE AND HFIGH’I‘ OF COLLECTOR
ON GUMMED-PAPER SAMPLES, MET :

Distarce = Helght ﬁxposura © Activity,
- B " from G2, sbove period, uc/md
Location miles ~  ground, ft ~ H+hr ° H+1zhr)
22 miles N of Indian Springs AFB 20 4 6,33~ 27.50 0.50
o ‘ S 4 0,33- 5.7 0.1
", 4. 5.75-27.60 '0,05
‘ : 2.8 B.75-27.50  ° 0.02
25 miles N of Indian Springs AFB 4 0.98-30,00  2217.40
: : L 4 0.93- 6.95 ©  2208.0
4 6.76-30,00  14.42.
‘ . . 0.5 7.00-30.00 . &.58
18 miles N of Meadow Valley 68 4 1.16-30.25  517.88
on Hwy, 63 4 6.75-380.25 2,13
‘ 0.5 6.75-30.25 - 1.80
" 14 miles N of Meadow Valley e 1.08-30.50  671.05
on Bwy 83 4 1.08- 6.25 41518
) ' ¢ 8.25-30.50 1.24
. o 0.5 6.00~30,60 . 213"
10 miles N of Merdow Vllley 4 1.00-31.15 '3.85
on Hwy, 83. : 4 5,16-31.18 °  0.25
R , 05 5.16-81.16 0.18
12 miles N-of Entérpr!ae S 140 4 3.50-27.8 178 _
R : : 0.5 8.00-27.3 . . 0,84
6 miles N of Enterprise 4 3.50-280.16 - ' 24.80
I - 4 8.50— 7.00 58.50
- 4 7.00~50.15 0.18
o 7.00-29.00 0.39

-]

bath directions, the values obtained by the directional sampler without throttle and the fixed
sampler with throttle exceeded those of the directional sampler with throttle by an average
factor of 1.8. The'average concentration levele determined by the UCLA sampler and t.he di-
rectional sampler with throttle were approximately the same. .

3.4.2 Relations Between Alrborne and Fall-out Concentrations

Table 3.13 g'ives the Met and Apple II average airborne concentrationa determlned over the
total sampling period 2nd corresponding soil~ surface activities at duferent distances from GZ
and the midline of fall-out.

The alrborne concentrations demonstrated little correlation w‘t.h surface contamination
other than the fact that high surface activities were generally accowganied by relatively high
-airborne concentrations. The transient nature of airborne material was emphasized, however,
by the occurrence of comparatively high concentrations in areas of 1ow surface contamination.

e infiuence of distance from GZ on airborne concentrations was obscured by the variable
distances from the fall-out midline; however, the rate of decrease for maximum airborne- .
concentration values with distance from GZ was generally less than that for soll contamination. "

3.4.3 Concentration Variation wlth‘Respe'ct to Time
The variations in concentration leve‘]s with time at individual sa‘nipling locationa were gen=-
erally similar to those previously observed, 1.e,, the rapid decline of Init{al concentraticns
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TABLE 3.10—INFLUENCE OF TIME OF EXPOSURE AND HEIGHT OF COLLECTOR -
ON GUMMED-PAPER SAMPLES, APPLE II ’

on Hwy. 6 :

Diatance Helght Exposure Activity,
from GZ, above Jeriod, uc/it?

Location miles ground, ft H+hr (H+12hr)
4,1 miles W of Mercury Hwy. ob . 7 4 0.13-31.88 2347.88
T-2 Access Rd. . 4 0.13-~ 8.83 2140.13

L . 4 8.85-1531.83 0.20 -
) 0.5 8.83-31.53 1012
"~ 2.6 miles W of Mercury Hwy. on 4 0.20-132.33 820,62
T-2 Accens Rd., 0.5 9.83-32.23 0.05
0.8 mile W .f Mercury Hwy, on 4 " 6.25-30.42 0.37
T-2 Access Rd. 0.9 10.67-30.42 0.01
12.0 miles W of Reed ) ' 48 4 1.50-30.83 6.45
: 4 7.77-33.83 10.00
0.5 7.83-30.88 0.02
8,0 miles W of Reed 4 1.67-91.50 64.57
: ) 4 7.33-81,50 0,04
0.6 7.33~31.50 0.04
6.0 miles W of Reed 4 1.83-32.00  191.75
' ' 4 1.83- 6,70 192.91
4 6.70-32.00 ©0.09
. . 0.5 6.70-32.00 1.07
. 3.0 miles W of Reed 4 1.568~32.83 156.88
4 '1.38-~ 8.17 164.24
4 8.17-382.33 .04
0.5 5.17-32.33 0,07
Reed 4 1.00~31,17 384.53
] §.50-31.1%9 0.78

_ 0.5 5.50~31.17 3.82
" 3.0 miles E of Reed 4 1.67-80.85 189,68
4 5.25~30.33 1.17

0.5 5.25-30.38 " 0.28
8.0 mllee W of Warm Springe on 108 4 2.67-30.83 2.85 '

Hwy. 8 0.5 8,33-30.83 0.15
0.4 mile NE of Warm Springs 4 3.08-30.08 18,78
on Hwy. 8 . 0.5 B.00~30.08 0.47
0.5 mis ME of Warm Springs 108 4 3,25-30.33 3.67
on Hwy. 6 0.5 B.83.-2¢.5% 0.83
8.0 miles NE of Warm Springs 4 3.67-32.88 22.57
on Hwy. @ 4 3,67~ 7,33 28,54
4 7.89-82.83 0.21
0.5 7.33- 32,83 1.53
16.0 milee NE of Warm Springs 4 3.08-31.83 34,08
0.5 7.58-31.83 1.00

i
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" TABLE 3.11-— COMPARISON OF SAMPLING CCNDITIONS REPRESENTED st

BY DIFFERENT AIR SAMPLERS

‘ : Sampling
. : . Filter Orlflce veloclty, rate,
‘Sampler type " m/mia m¥/min
UCLA Millipore 30.5° 0,23
High-volyume D Co
directional with . S Y
throttle (Dir-T} MSA. 1023 1.08
Fixed with ‘ ‘ : o ‘
throtile (fixed-T) 'MSA 1028 © 1.08
" Directional without - E
throttle (DIr-NT) MSA T 140 ‘1.19

'"TABLE 5.12—COMPABISON OF CONCENTRATIONS OBTAINED BY VARIOUS SAMPLING PROCEDURES

Concen=

tration,* Concentratian ratio
: pe/m? P A ‘
o Sample time, x10™ Flxed-T/. Dir-NT/ UCLA/
Location. “H+hr (H+12h1) Dir-T . Dr-T Dir-T
. Bee . ' i
4.0 miles N of Nye Canyon Rd - . . : :
on White Flag Rd. 1.00-12.00 - 9,08 115 115" 0.58 \
‘7.0 miles N of Nye Canyon Rd. - 1.50-12.00 37,5801 0.52 .
on White Flag Rd, o - : o
‘ ) ‘ Met - ,
25.0 miles N of ISAFBY . 0.33-14.25 193,115 . 0.82
on Indlan Springs Rd. . : o - )
22.0 miles N of ISAFB . 0.38-13.75 1,183 1.89 1.74 1.57 -
18.0 miles N of Meadow Valley : K : . 7
on Hwy. 98 -~ . 1.00 - 26.00 40,213 - 0.98 -
14.0 miles N of Meadow Valley - 1.08=27.50 77,750 0.85 T 1.47 . 0.33 o
12.0 miles N of Enterprise . . ' S
oz Uteh Hwy, 18 3.50-27.50 13,563 1.38
6.0 miles N of Enterprise 3.50-26.92 11,670 . 343
. - Apple Tl ' :
4.1 miles W of Mercury Hwy. S T : ) 7
on T-2 Accesa Rd. 0.13-15.83 11,015 3.92 2.3 208 .
2.6 miles W of Mercury Hwy. 0.20-30.67 35,6847 ' ' 1.21
‘6.0 miles W of Reed on Old Hwy. 25 1.85-17.38 £,467 1.13 2.67 0.68 :
3.0 miles W cf Reed on Old Bwy, 25 1,5§-30,38 §.837 1.74 13.61 0.14 ’
8.0 miles W of Warm Springs 2.67-30.88 1,582 . 0.27 ' v
6.5 mile NE of Werra Springs . 3.25-11.33 " 2,490 0.48 . . . -
4.0 miles NE of Warm Springs 3.25-30.08 2,937 0.61
8.0 miles NE of Wars: Springs 3.08-33.33 4,863 0.82 2.29 -
16.0 miles NE of Warm Springs 3.08-233.50 7,880 0.64 e
* Concentration data obtalned from directlonal sampler with throttle, .
tindian Springs Alr Force Base. ’ .
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TABLE 3.13—-COMPARISON OF AVERAGE AIRBORNE CONC’ENTRATION
TO SOIL TALL-OUT CONCENTRATION .

T : S : Dlstance

Distance from Av. airborne ’ -
- ) from G2, midline,* concentration,t Soll activity,
. miles milea pe/m? x 104 . ue/nt
. Met o
: 20 0.0 60,886 . 55418
e _ , 3.08 1,681 ; 8.7
¢ o : ) 6.08 o 100 o
: . 58 33N 35,398 321.5
, : 0.0 : 890.5 -
AT : 088 24,185 3765
Lo ) ) 488 532 T 2,19 _
. _ 8.88 756 - o ,
P ’ , 140 00N 12,061 100.48 '
L 608 11,5708 38.18
[ ) : 11.0 8 5151 1.04
Apple I
7 0.8 W 12,592 . 2,475.5
0.0 ’ 5.913.8
e 0.6E 59,037 2,070.1
; _ : 2.4E 20,310 74.5
. _ 48 BAW 7,356 34.0
L . 52W 6,517 : 108.7
R O ’ 22W 8,994 490.1
H 0.0 956.6
0.8 E - 24,120 646.6 -
38 E 14,797 500.0
106 50.0 SW 354 5.
. 41.5 W 3,552% ) 7.33 .
38.0 SW 1,463 39.55
: 34.0 SW 7,052 : 19.9
. 26.0 BW 3,316 ae.8
0.0 125.7

* Based on sofl-surface contamination values.

t Average actlvity concentration for approximately 30 hr after fall-out
time {UCLA sampler). .

$ High-volume directional sampier with throttle,

§5-hr average.

TABLE 3.14 —COMPARISON OF CASCADE-IMPACTOR AND RADIO-
SEDIMENTATION METHODS OF PARTICLE-SIZE ANALYSIS OF
MET SHOT AJRBORNE CONCENTRATIONS ’

Approximate distance Cascade impactor Radiosedimentation
from GZ, miles medlan diameter, g median diameter,
’ 20 0.63 0.71
68 1.79 2.14
140 2.35 3.05
3 ’

o
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AIRBORNE CONCENTRATION, UC/ M3 AT H+12 HOURS
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Y 1 i - | JL 'J
© 2 4 6 6 10 12 K4 B 1B 20 22 24 26 28 30
SAMPLE MID-TIME, H+HOURS . -

- Fig. 3,35—Varlation in airhome concentration with respect to time at Met and Apple Ii

maximum concentration stations, Met, 26.0 miles north of Indlan Springs Apple I, 2.6 miles
wen of Mercury Highway en T-2 Access Road, '



_ 3.5 RADICACTIVITY CHARACTER]STICS OF COLLECTED SAMPLES
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colncident with time of fall-out and occasional increases In concentration during the sampling -
period. The latter observation was characteristic of the Met shot. The maximum concentra-
tionz detected during the Met and Apple I sampling periods were 2.16 pc/m® at a sample mid-
time of E+3.67 hr and 12.23 uc/m? at 2 sampie midtime of H+1.02 hr, respectively. The air-
borne concentrations corrected to H+12 hr at these fwo stations are pIotted thh regpect to '

timeinFig 335 P L S _

3.4.4 Alrborne Particle-size’ Distributions B e

A serious limltauon of the radiosedimentation method of radioactlve particle size analysis; )

| was the low counting cificlency of ‘the scintillation detecior, necessitating reiatively high con-

ceniration leveis for analysis. Consequentiy, cascade-impactor collections provided the pri-
mary basis for the determination of alrborne particle-size distributions. Airborne concentra- .-
tiotis were sufficiently high during the Met shot for a comparison of the two methods at i.hree

" distances from GZ. These data appear in Table 3.14.

The median-diameter values deterrined by the radiosedlmentatlon method were higher
than those derived from cascade- -impactor collections by an average factor of 20 per cent. The
agreement, however, was sufficiently close to support the validity of results by either method.

The median diameters and bercentage contributions of the <2- and <d-p-diameter ma-
torial criginating from the Met and Apple I shots are su’mn"'! rized Wlth respect to ﬂample

LOTLEL Qaaginatin

interval and distance from G2 in Table 3.15.

The determined median diameters ranged from 0.46 to 5.8 y. The sequential‘sampllng of
alrborné concentrations at the different locstions did not indicate a consistent median-diameter
trend with respect to time, However, the frequent association of smaller median diameters
with initial high activity 7 miles irom G2 and the occurrence of larger partlcle dxstrlbutlons at

greater distances are of interest.

3.5 SOLUBILITY OF FALL-OUT AND AIRBORNE CONTAMINATION

The best results of solubllity determirations performed on the predom'tnant-s[ze‘and the -
0- to 5-u-~pize fractions at different distanczes frem GZ ior the Turk, Tesla, Apple 1, Met, and
Apple II shots are given in Table 3. 18.

The solubilities of the predom!nant-size fractions were inconsistent with respect to dla-‘
tance and the several solvents. In general, however, the so.unllities of the 0~ to 5-u material
were quite consistent over the distances considered. The maximum solubilities of the 0-to
5-p fractions observed were as follows: distilled water, 6.4 per cent with an average of 2.4 per
cent; 0.1N BCl, 36.2 per cent with an average of 22.8 per cent; 0.1N N3,5,0,, 9.0 per cent with
an average of 4.2 per cent; and in buﬂer solution, 15.0 per cent with an average of 5.73 per

cent,
The selubilities of airborne material originatmg from the Met and Apple II shots deter-

mined by jet liguid-ixpinger samples are glven In Table 8.17. ‘ .
A relatively high solubility of airborne material in 0.1N HCI {n comparison to lhe other
solutions was observed. However, considerable variatlcn occurred in relative solubilities in

the remaining solvents.
A comzparison cf O- to 5-p soil and airborne acuvxty solubilities at dLHErent distances Irom

GZ is given in Table 3.18. (Soll- and airborne-sample locations at the several distances did not

cotncide in most cases.)
The comparison indicated that, for similar size ranges, t.he solubility of airborne material -
exceeded that of scil-deposited material in all solvents. The basis for this general difference

in solubllity is pre sently unknown. C : \ S . ' : .

:i.e.x Decay and Energy Characler'.stics

Decay and energy characteristica of the Tesla, Turk, Bee, Apple I, Met and Apple b
samples collected at dlifferent distances from GZ are given in Tables 3.19 to 3.21.
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TABLE 3.15— PARTICLE-SIZE DISTRIBUTION OF AIRBORNE MATERIAL BY CABCADE IMPACTOR WITH

RESPZCT TO TIME AFTER EROT AND DISTANCE FROM GZ

- Appron_. . )
distance Bample - . Maediap % leas % less
- from GZ, interval, Concentration,”  diameter, ~ than 2 than 2 u
Locaiion miles H+bhr - ge/m¥x 1070 & in diametor
7 ‘Met _
22 mlleg N of Indinn Bprings APB . 20 0.33- 5.5 "3,180 0.63 " -95.8 #.3
on Indian Springs Rd. 5.75~ 9.25 161 1.04 L OB20- - T 960 1
9.25-13.75 139 140 " 60.0 . £ K S
) ' 17.75-19.76 1.87 51.5 61.5
" 24 milea N of Moadow Valley - 88" 1.00- 6.00 - 188,000 1.79 53.0 24.0
on Hwy. 53 S 8.00- 9.75 15,200 2.40 . 450 60.5
9.76-16.50 . 93,700 - 1.40 56.0 67.0
6 ailea N of Entarprise on T 3.50~ 7.00 90,400 2.35 - 410 63.0
Utah Hwy. 18  7.00-11.58 1,870 1.65 57.0 80.0
- 11.58-28.93 3,440 2.20 41.0 n.o
; Appio o ‘ . )
. 4.1 milea W of Mercury Hwy. 7 0.13— 8.67 21,900 0.4 .- 99.80 . 100.0
on T-2 Atbell Rd B.6T-18.42 ,:“l 2.60 40.0 T 76,2
_ 18.43-31.02 129 1.83 63.5 85.0
§ milas W of Reed ca Ewy, 25 - 183- 8,77 23,600 5.00 24.0 50.0
' 6:.77-10.83 1,650 0.96 56.0 73.2
10.83-17.75 251 3.20 ar.0 89.0
17.76—30.50 211 1.54 7 80.3 85.8
3 miles W of Beed ou Hwy. 29 48 . 8.33-13.33 1,290 5.8 21.0. - 42.0
S 13.33-18.43 1,220 2.8 42.6 9.8
- 16.42-532.33 4o - 6.35 26.5 4T.0
8 miles NE of Warz Springs 108 3.08-7.33 14,000 1.5 80.6 66.0
on Hwy. 0 7.33-11.33.. 4,080 18 43.0 67.0
11.33-17.39 1,000 14 52.0 75.0
‘ o 17.33-33.33 453 3.1 42.0 58.0
0.6 mile E of Warm Springo -108 3.25— 6.33 3,810 3.75 © 30.0 605
on Hvy. 6 : 8.33-11.33 1,170 0.98 KT 92.0°
‘. mmmed by directional high-velume sampler with throttle,
.
———e epm
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TABLE 3.16 —SOLUBILTTY - FARTICLE-81ZE RE L.ATION BASED ON SOﬂ_ SAMFLES CDLLECTED . o

AT DIFFERENT DISTANCES FROM GZ

Approx. Total - - - :
distence sctivity, Siee : SOlubLu"' %
. . R from GZ, pc/n? range, ©  Dist, 0.1N 0.1N Buffer
Location ) ‘ miles H+12br) W~ water HCl  Najs0, GH 7.8)
5.8 miles NW of Tippipah Springs . -~ 11.5. 14478 . ° 250-300 ' 3.40 2230  5.80
C ‘ . - S : 0-ut 0,50 . 14.80 | 3.40 640,
. , . ‘ Teals’ ‘

14.7 miles § of Groom Laks Rd. .20 846.04  125-125 030 150 0.0 -
on Indian Springs R4, . y 0-5 CLTO 1750 2.0 1.80
50.1 miles N of Hwy. 95 on S'heop 45 613,13 88-125 1.80 53,80 080 Ll0
 Canyon Rd. . . _ ‘ 0-5 210 19.30 - 860 3.30
21.5 miles N of Mesquite on Bwy. 91 . 132 28.51 44-88 ° 1.60 23.80 700 10.90
: 0-& 2.00 2040 .80 1.%0

Capplel . ‘ _ g ‘

4.5 miles & of Groom Lake R, on - 13 1114.09 300 - 850 0.2 0.1 0.0 0s .
Papoose Lake Rd, o -5 B ] 8.2 4.4
48.3 miles N of Indian Springs AFB 23 1084.10 250-300 178 325 0.3 5.0
on Indian Springs Rd. : -8 . 3.2 2.3 .8
0.8 rmile § of Alamo on Mwy, B3 e 259.83 125~1TT 438 385 7.8 0.0'
o 0-6 1.2 24 2.8 150
140 miles N ol :L;‘.n ez He;dz‘! . L.} . 98.47 44-Be 0.0 .1 7 10,0 0.0
. Valley Wash : 06 0.6 201 1.9 21
7.0 miles § of Cedar Ctty on ‘ . 184 13.65  4d~88 0.0 525 00 145
Hwy s:. ) . . 0-§ i . 14.8 0.0
_ Met _ ‘ o o
25.0 railen N of [odian Springe ca - 20 6541.9 117~2% ' 0.3 15.8 0.0 0.7
Indian Bprings Rd. ) 05 L4 180 0.0 108
14.4 miles N of Meadow Valley o 58 970.68 177-250 000 85 .01 13.9
Hwy. 93 o 9-6 55 154 7.5 1.6
10,0 miles N of Enterprise ot Utah 140 " $6.36 BA~125 0.0 44 8.8 0l
Awy. 18 0~5 . 0.0 18,7 0.0 .y

. ’ . F.“:.- n ' ’ ' .
3.6 mtles W of Mercury Hwy. op ? 430420 B0D-B33 988 - R4 _ 0.0 23.8
T-2 Access Rd : . ©, 0=8 6.4, 334 8.5 L

0.8 mile W of Read on Old Hwy. 28 4 958,57 125-177 0.8 4.0 2.8 24
] - - °-5 3.6 1 &3 a9

42.0 miles E of Warm Springs oa 108 . . 126.74 44-88 2.8 4.0 0.0 2.3
Hwy. 8 0-5 21 231 94 8.5

There were no consistent differences between decay constants and energy distributions of
different types of samples or of samples originating from the different detonations. Some
variation in decay constant with time was detectable; the constant had a range of -0,80 to —=1.07 .
up to approximately 100 hr postshot and a range of —1.07 to —1.35 over later time Intervals, -
Twe beta-energy componenta were detectable one with a range of 0.25 to 0.68 Mev and another -

with a range af 1.15 to z 30 Mev.

3.6.2 Relation of Radioactivity to Particle Slze

Investigations of radidactlvlty particle-size relations were Initiated by the separation of .
individual particles from Apple IT gummed-paper samples, The particles were measured by
optical microscopy and radloassayed individually. Cmiy particles that were cpaque and spherl-

cal or oval in shape were radioactive. Particlea that were spherical but tranelucen!

elalively inactive.
76
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TABLE 3.17—SOLUBILITY OF MET AND APPLE 1 AIRBORNE CONTAMINATION -
_BASED ON JET LIQUID~IMPINGER SAMPLES g l;
R , S L AR Sample ) Solubility, % . E{
TR e : o : 7 interval, Dist.  0.IN 0.1N Buffer B
SRR : . Location ‘ H+hr _water HCl  Na,8,0, (pH 7.6) il
S - , v
et o i " Met ) . C oo
. 25.0 miles N of Indlan Springs AFB 0.83- 875 18.5 78.2 82.7 21.2 -
; 22.0 miles N-of Indlan Springs AFB 0.33- 6,75 . 160 47.2 315 24.9
. 14.0 miles N of Mesdow Valley on Hwy. 93 1.08- 4.25 101 671 100 . 108 -
N 12,0 miles N of Enterprilse on Uteh Hwy. 18 ©3.50-10.75 6.3 88.5 10.7 28.3 R
- 6.0 miles N of Enterprise on Utah Hwy. 18 '8.50-11.500 11,5 410 19.3
o 1.0 miles N of Enterprise on Utah Hwy, 18 3.60-11,76 0.0 - 645 0.0 §5.1 E
T - . Apple 0. o -
: 4.1 miles W of Mercury Hwy on : © 1.13- 8.87 7.8 14 9.8 T a1l =
) . _ T-2 Access RA. - ' . -
¥ . " . 6.0 miles W of Reed on Old Hwy. 25 1.63- 9.00 188 625 8.5 149 .
. 3.0 miles W of Reed on Old Hwy. 25 1.58~ 8.33 86.8  67.0 28.6 27.7 o
o : 8.0 miles W of Warm Springs on Hwy. 6 267~ 8.33 24.9 85.7 40.4 " OBLl £
' . - 0.5 mile NE of Warm Springs on Hwy. 6§ 8.25~ 8.38 66.0  43.2 425  69.8 E
4.0 miles NE of Warm Springs on Hwy. 6 3.08- 7.92 26.2 © T4.8 7.2 52.4 -
8.0 milea NE of Warm fnringa on Hwy, § 3.87=11,33 69.3 a7 8.7 - 2.5 :
. * 16.0 miles NE of Warm Springs oz Hwy. 6 3.08=11.50 14.7 68.7 - 80 . 87.6 . S
Lt .~ TABLE 3.16—COMPARISON OF 0- TO 5- SOIL FRACTION - -
oo o AND AIRBORNE ACTIVITY SOLUBILITIES -
. , o - : S Distance . Bolubility, & g
. ’ : ‘ from GZ, Samgple Dist. 0N 0.1N Buffer .
4L . o . " miles type .water HCl Na,8,0, (HT7.8) : . —
R " 20 . Soll.C-6gp 8.4 188 8.0 . 108 , N3
P .. Alrborne 195 98.2 87 | 2.2 ) P
i : 58 . Boil, 0-5u 5.5 19.4 7.6 7.8 -
' S : Alrborne 10,1 671 10.0 13.8 ,
140 " Soll, 0-5u - 6.0 18.7 0.0 7.1 (53
o Alrborne - 6.3 . 88.5 10.7 - 288 s
Moo , " Applem - e
n , _ ‘ 7 Soil, 08 6.4 334 - 6.5 7.3 g
P . O : ‘Afrborne 7.9 M4 5.8 a1 g
: : ' 48 . 80il, 06 p 8.8 231 8.1 .88 F
. Alrbornp’ 36.8 87.0 28.6 21.7 . Ly
' 106 . Boll,0-84 2.1 23.7 8.4 .88 -
: : Airborne 147 887 0.0 37.8 b
: e
! ) Eg-
: l':-
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TABLE 3.19—DECAY AND FENERJY CHARACTERISTICS OF RADIOACTIVE MATERIAL AT

DIFFERENT DISTANCES FROM Q3Z, TESLA

Approx. ) Maximum
digtance Time onergyt of
from GZ, Sample Interval, Decay components,
Locatlon . mllea type H+hr constant* Meov Contribution, §
7.7 miles 8 of Groom Lake Rd. 12 Boil, 0-2000 p . 10-60 -0.80 2.20 50.9
on Papoosad Rd. : 0.78 49.1
60-700 -1.39 :
14.0 miles 8 of Groom Lake Rd. . 20 Soil, 0-2000 p 10 -190 -0.95 2.28 323
on Indian Springs Rd. 0.82 67.7
. 100800 -1.59
Soll, 125-177 4 200-10600 -1.29 1.60 35.2
) 0.54 64.8
Soil, 0-5 4 200-T00 -1.42 1.63 36.4
. 0.54 63.6
50.1 miles N of Ewy. 95 on Sheep 46 Soil, 0-2000 p 60-700 -1.21 2.20 32.7
Cuanyor Id. . 0.94 87.3
8oil, 88125 u 200-800 I—1.39 1.56 31.6
0.56 62.4
So0il, 0-6 4 250-800 -1.43 1.62 | 454
. 0.53 56.8
35.7 miles N of Glendale on Hwy. 23 . &0° Soil, 0—-2000 u 40 -800 —1.28 2.30 60.2
’ . 0.72 39.8
26.8 miles N of Hwy. 83 on Meadow 79 8oll, 0-2000 u J0-150 -1.67 2.10 77.6
Yalley Wash . n.98 22.4
150-800 -1.43 )
14.5 miles N of Hwy. 91 on Elgin Rd. 96 Beil, 0—2000 u 20-100 -1.00 . 2.16 46.1
0.68 54.9
) 100-800 -1.48

22.5 miles NE of Mesquite on Hwy. 81 132 Soil, 8-2000 u 40-800 -1.07 2.45 47.2
0.84 52.8

*K In exprossion A = AT,

1 Time of detormination corresponds epproximatoly to initlal decky time. .
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TABLE 3.20—DECAY AND ENERGY CHARACTERISTICS OF RADIOACTIVE MATERIAL
AT DIFFERENT DISTA.NCES FROM G2 FON TURK, BEE, AND APPLE I

- =128

Approx.’ Maximum
' distance Time - energyt of
- Imn-! GZ, Sample interval, Decay components,
* Locatlon milea type H+hr constant® Mev Contribution, %
6.8 miles NW o_f Tippipah Bprings . 11.8 Soil, 25C-300 p 80-800 ",—1.19 . 176 428 . -
) ) ) . © 0.53 57.2
Boll, 0-44 g | . 90-%00 - -1.26 - 1.43 R R
: . 052 Lo 483
Boe o o
7.0 miles N of Nve Canyon Rd. 13 Alrborne 40-~500 -1.17 . " 2.20 i 50.9
) @ ' oo 0.67 49.1
Gummed paper 40-250 —1.24 1.85 ;. 504
: : - T 0.68 T 49.6 . -
"Apple I .
5.0 mlles S of Groom Lake R4, on * 13 Soil, 0-2000 150-250 .  -1,23 - °
Paepoose Rd. . ‘
48.3 milos N of Fwy. 95 on Indian 23 Soil, 0 —2000 M 150 -250 ‘-1.19
~ Springs Rd. . ) ) . [ -
Desert Valley 48 Soll, 6-2000 4  .150-250 ~1.48
0.8 mile 8 of Alamo on Hwy. %3 61 Soll, 0 -2000 u 160 - 250 -1.16
15.5 miles N of Elgt.n on Mesdow 27 Boll, 0=2000 p 150-250
anley Waah .

*kin axpmsslon D= A.'l'"

§ Time of delermhmtlon oorresponds spproximately Lo lnmal dncny tima.
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TABLE 3.21—DECAY AND ENERGY CHARACTERISTICS OF RADIOACTIVE MATERIAL -
AT DIFFERENT DISTANCES FROM GZ, MET AND APPLE I
Approx. Max! muri
distance .- Time " energyt of |
) ] from GZ, Sample interval,. - Decay  componenla, .
Location - ' . milea - type H+I;r constant® - Mav Contribution, %
_ Met - . .
. 25.0 milea N of indian Springs ' ©oe0 . Sofl, 0-2000 4 70-800.  -1.27 -  1.85 48.7 -
— : A o : R 0.60 51.3
: Atrborne 250-450 -1.33 L 174 4T
. Gummed paper 250-450 T —-1.43° o Alo 27.8
. ‘ : : 0.83 . 92.2
14.2 miles N of Meadow Valleyon *  © 68 Boil, 0-2000 " . 60—800 - —1.23 -1.85 482
© Hwy. 93 o . - L 0.64 '51.8 -
18.0 miles N of Meldow Vauey on “ - B8 . . Alrborne ' 250-450 - —1.39 1.20 . .o42.2
Hwy. 93 - - ' . - 035 - [ 6.8
. Gummed paper = 250-450 =1.21." . 155 LS B
i . o ) _ - 0.52 . 6.9
‘s 0 miles N of Enterprlse onUtsh 140 Boll, 0-2000 p ~ 70-800 - .-1.8%
Hwy. 18. ~ : R
12.0 milea N of Em‘.erprlsacm Utab 140 | Alrborne . 250-450 “La L 215 23.4
Hwy. 18 : : : <5 0.88 L[ B
GQuramed paper - 250-450 ©  -1.17 7 (. 088 . .- 433
; - 0,48 ... . 547
. . Apple O :
3.2 milea W of Mercury. Hwy. on : ‘7 Soll, 6-2000 4 . 60-300 . —1.07
~ T-2 Access Rd. N ‘ o : - :
4.1 miles W of Mercury Lwy. on . T Alrborne 35-90 . -0.90 1,56 " 35.1
T-2 Acceas Rd ' ’ 0.57 . 61.9
. 7 80-305 -1.38 : S
1.0 mlles W of Reed on Old Hwy. 25 - 48 Soll, 0-2000 p - 60-300 °  -1.33 S 115 680
o ' : ' : 0.40 " - Az
16.0 miles E of Warm Springs on © - 108 Boli, 0-2300 u 80-300 - —1.00- : '
Hwy. 6 ) . =
*k in expresnlon A= AT,
" 1 Time of detannlnntlon correspunds npproxlmntaly I.o lnlual dnnny time.
» [] * L} L]
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"The radioactivity values are plotted with respect to particle size in Fig. 3.36. The re-
sulting scatter dlagram emphasizes the highly variable nature of the radloactivity particle-size .
relation, although there is sone indication that the particle activity changes from one power
dependence of diameter to another at some-diameter between 200 and 300 g, :
~ Additioral investigations, which are directed toward widening the size ranges examined,
defiring the source and limits of variation, and detecting possible differences in the radio-
activity particle-size relation with respect to different detonations, are. 1n progress. ’

3.6.3 Magnetlc Properties of Radioactive Szmples

Magnetlc components of soll fall-out samples originating from the Moth (2.5 kt, 300-ft
tower) and Apple I shots were removed from ndlvidual fractions by U~e use of a small maguet.
The results are given in Table 3.22.

The data indicated that more Lhan 90 per cent of the fall-out radioacuv:t:; is separable by
magnet. The varfation in the perceniage of fall-out activity removable in the finer fractions .
may be attributable to the small quantities of radioactive material present and the fact that a
certain amount of physncal entrapment of the radioactive materlal by the large mass of inert.

sol]l occurred.

Although relatively Iew airborne particles have been observed to date, spherlcal submicron

particles eriginating from the Met shot and demonstrating high electron opacity and r.-:agnetlc

-properties have been det erted by the use of the electron microscope.

AB!E 8.22—MAGNETIC COMPOSITION OF FALL-OUT MATERIAL
AS A FUNCTION OF PARTICLE SIZE . .

"Size. . 4, of activity
range, % of total activity =~ removed by
M in &ize {fraction magnet
. Moth .
044 0.48 7415
88125 © 018 508
420-500 , 24.26 99,94
500-B40 55.41 89.82
840~ 2000 0.03 59.93
Apple I -
20~44 © 0.02 738
44-88 0.08 - © 181
88125 0.04 ‘ 3.6
. 125-177 " 0,08 ' 91.7
' (177-250 0.07 ‘ 87.8
250 - 800 0.04 80.1
300 ~ 350 0.06 . - 35.8
350~420 0,22 96.2
420 -500 7 3.88 83.5
500 - 2000 95,38 99.8. -
. 82 )
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DISCUSSION .

"On the basis of meteorologirsl evaiuation, it was possible to determine the line of maxi-
mum intensity and the width of the fall-out pattern if the space-time variations in the winds

over the area of fail-out vould be obtained. I it s assumed thai the {ail-out au;vity' was de-
- rived {rom a level below the top of the cloud, this level depending on cloud height the line uf

maximum intensity would be the space-time-corrected ground posltions oI partules falllng
{from this level. The space-time corrections vere also necessary to calculate the particle size

- of {fall-gut matenal especiaily in'regard to particles smaller than 88 y, whose terminaj ve- i .
locitiés were low and were therefore more affected by the wind structure By using these eor-""  °

rections, the nbserved particle sizes were found to be within a factor of 1.5'0f the calculated
size (Sec. 3.2.2). A comparison of calculated ground positions and isodose maps obtained from
ground survey data showed that computed ground positions encompassed the fall-out paﬁern
well within the errors of wind observauons The Turk and Bee shots were exarnp}les of wch a
favorable comparison. :
The resulis of these computations are not to be construed as exact; however, it is though! n
that, after considering the accuracy of wind observations and ground survey terhnlquea, the

. accuracy obtained here was sufficient to explain why fal]l-out was found in a given area and not.

in anglher. If it is desired to forecast the ground positions of particles by the preceding
method, a2 wind forecast in-time would have to be made for each layer at each s:ation in the-
area under consideration. It appears that the line of maximum intensity of fall-out can then be

"determined as (1) the line connecting ground posmons for particles falling from 5000 ft below

the forecast cloud top in the case of clouds reaching approximately 30,000 ft and (2) the line
connecting ground positions for particles falling from iD,000 ft below the forecast ¢loud top in
the case of clouds reaching approximately 40,000 ft. This rule should not be extended to clouds
reaching higher than 40,000 It =since no substantiating evidence is available. The intensity of
fall-cut will increase quite rapidly as this midlire is approached at right angles from the line
connécting ground positions from some higher altitude, and it will then decrease at a2 some- ~
what lesser rate as the lines connecting ground positions of particles falling from lower
altitudes are approachied. I the constant-layer trajectories are considered, the observed fall-
out pattern was bracketed in all cases, but there was no feasible method of determining the

line of maximum intensity. In predicting the {all-gut pattern, it is of no more than metecrologi«

_ cal interest to corhpute the constant-layer trajectories. I long-range suspension of the very

emall particles 18 of interest, then the constant-layer trajectories are the maps to be consulted.

A comparison of the ohserved particle sizes found in soll samples and compuied predomi~
nant particle sizes gave good agreement in that the observed predominant size at a particular
site was within a factor of 1.5 of the calculated predominant gize. The line of maximum intensity "
of fall-out appeared to be where the grudient of computed predominant particle size was the

_strongest. Further work involving computed particle size and degree of the contamination may

yield a satisfactory method of predicting the over-all fall-nut pattern the line of maximum
contamination, and the degree of lateral contamination.
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" Although it may be possible to correlate fall-out intensities with distance {rom GZ, it
would be more feasible to relate the intensity to the time of {all-out. Using this hypothesis, it
was found that the fall-out intensity was inversely proportional to a function of the fall-out
time. Since the relations were determined on the basis of experimental data, it was not possible -
to determine the equa.zon parameters on the basis of a commen time. In Iuture tesis it is
. planned to obtain sufficient data to determine parameters at equivalent {imes. In the equaticns
- developed, the constant ia thought to be related to the yield and extraneous contributing con-
tamination, and-the time of {all-out is a functicn of cloud height and particle size.

- Utilizing the same empirical equations, in the three cases where equations were available-
for both intensity and contamination-level relations with fall-out time, it was apparent that the -
ratlos of mr/hr; pe/ft? were not the same, except in the case of Apple 1, where the slopes were
similar.

The quantity of radioactive material depos:ted from various shots shouId have been de-
pendent on the yield of the device and the amount of soil and tower material that was carried
into the fireball. On the basis of the plot of yield at each of two tower heights vs the total
amount of contamination to be found within selected fall-out times, this relation was apparent,
 except in the case of Apple II. Other data indicated that the fall-oul results were not complete -
- for this shot, and the amount of fall-out was actually larger than the integrated value of 0.86 x .-

10" . mr/hr % ft? at §+12 hr. This increased value would make the point for Apple I more out
.of line than that indicated by the plot. It is posgible that this increase in fall-out might have
been caused by differences in shielding material and equ:pment in the tower cab.

-Owing to the urgency of other analyses, it was not possible to anzlyze soil samples for
radiostrontium contert until approximately 1.75 yr after detonanon The Ievels were too low,
using the available equipmerit, to determine quanmalwely the Sr®® and Sr* content separately,

therefore the values listed are for total radiostrontium. Since only selected {ractions were . ‘

. analyzed, a full comparison could not be made. However, from Tesla samples it appeared that

the radiostrontium activity in the 44- to 88-u fraction reached a peak activity approximately

. 5 hr after detonation. Because of the paucity of samples ccllected from Met fall-nut, it can only

© be stated that the miikimum radiostrontium activity in the 0~ to 44-. fraction 2ls¢ appeared in

‘samples collected where the fali-oul iime was approximately H+5 hr. .

‘ The NH,C,;H,0, solubility data indicztad that the radiostrontium was more soluble than the -
total fission-product activity. The factor of 10 increase in solubility would make it appear as
if the strontivim had been plated on the surface of fall-eut particles, rather than being uniformly
distributed throughou! the volume. However. if may also be true that the radlostrontium on the’
surface was more readily solubilized. In the future it is planned to study such posaible Isotopie
differentiation with particles. Indications were also seen of a possible increase in radiostrontium
ava11ab11;ty with incréasing distance. This, too, requires further study,

The reason for the greater solubility of airborne activity relative to soil actlivity of identi~

- cal part:cle size ranges i unknown (see Sec. 3.5). This phenomenan was apparent irrespective
of the solvent used. The large differences in particle-size distribution over the size range
invoulved may account for this. The effects of exposure of the fall-out particles to the alkaline
pH conditions of the active soil prior to dissolution may aiso provide an explanation. In the
latter case, the solubilities of fisvion products such as the rare earths, which are {nsoluble
under alkaline conditions, might be significant!y altered prior to solvent treatment. ‘

Because of the variations observed in both seil and airborne solubility results, additional
investigations, with respect to methodology and correlative experiments using collected sam-

ples, are required in order to firm!ly esiablish the ‘solubflity relations.

It is apparent from the air-sampling and gummed-paper data that small amounts (<1 per
cent) of radioactive malerials were still being iransported by the winds. after the lmmediate
fall-out. As yet it cannot be stated whether this was material still settling or whether it was
material being relocated by surface winds. However, since gummed papets collected at helghts
of 4 It and € in. above the ground surface showed similar amounis of radicactive materials, it
would seem that material was still gettling from the atmosphere as long as 5 hr after the first -
arrival of material. This added fall-out was also noticeahle in the air samples collected at
several stations. ‘ ' ' . .
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Chapter 5

SUMMARY

The program as undertaken by PI‘OJECt 37.2 was to study Lhe downwind concentrations u.(
mixed fission products produced by nuclear destonations, Two phases of downwind effects, were’
studied: {1) the material deposited on the earth’s surface and (2) the matenal that was stm
being transperted by the amblent wind stream, ‘ :

The fal. out patterns of four tower shols were defined by surface beta-g'amma survey
methods. On.the basis of the data from Operatmn Teapot and previous test series, there ap-
peared tn be an exponential relation between fall-out contamination and yield for different
tower helghts. Fall-out activities were generally detectable approximately 160 miles from GZ,
and the maximum measurement, which calculated to an infinite dose of 180 r, was obtained
20 miles from GZ after the Met shot. .

Unit-area contamination values were also used to measure the degree of fall-out contaml-

. nation ai different distances from GZ. These data were based on surface- soil samples, col«
lected transversely to the fall-out pattern, which were processed to yield both total activ:ty
and size- iraction contribution. The plot of total contamination in terms of microcuries per
unit area shows the same gereral pattern as the radlation-intensity data, i.e., a rapid decrease
in activity within 50 miles with a gradual approach to an asymptotic line at Iurther distances
from GZ. There is an inverse exponential relation between both radiation-intensity and total
contamination and time, Although these two measures of surface contamination are similar, '
there are enough variations in the pc/it? : mr/hr ratios to prohibit a correlation of the ratio
with distance from GZ or yleld.

An integral asnect of the distance erfects on fall-out ccmtaminat'on concerns the variation
in particle size of the actlve material. In general, it has been found that the median diameter
of the fali-out material decreases with increasing distance and time. There were variations

" from this trend which will require further study and correlation with particle trajeciories. As
tke median diameter decreased with distance, the percentage contribution of the 0= to S5-p -
fraction to the total activity increased ifrom 3 to 4 per cent af 20 miles to 10 to 1‘2 per cent at'

‘approximately 150 miles-from GZ for the Tesla, Apple I, and Met shota.

The radiostrontium content of gelected solls irom two shots did not show any relation with’
distance, except possibly In the 44- to 88-p range.. The percentage of radiostrontium was higher
in Met {all-out than in Tesla fall-out by factors of 3 to 8. The radiostrontium was more soluble

. in ammoniurn acetate than the totai fission-product mixture.

Since the contaminated soils were collected postshot, a comparison of these data to activie
ties collected on gummed paper was made. Gummed-paper samples were collected during two
shots, and the ratio of gummed-paper to soll activities was calculated to be 0.83. A study of
the ‘material deposited on gummed papers relative to time of exposure showed a later deposi-
tion of active material after the initial contamination. This.was also noticeable in air samples.
Further evaluation is required to determine whether this was due to contlnued fall-out Irom
" the cloud or translocation of deposited material. ’
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~ The airborne radioaciivity concent rationé 4 ft above the ground were sa.mpled by éeﬁera-l
methods. The attempt to determine the effect of near isgkinetic sampling conditions on meas-
ured concentrations. the proximity to isckinetic conditions being variable due to changes in

- wind velseity, indicated variaticns in sample concentrations which have been due to the various

sampling techniques but which couid aiso be the result of nonuniformity of the fall-out materials.
The determination of concentration variation with distance from G2 and with time after
shot was baged on ihe UCLA automatic samplers, sampling for 2-hr perjods both during and
after the time of fall-out. Datd collections for this study were made during two shots. The pea.k
concentrations detected during Met and Apple IT were 2.16 uc/m? at 2 sample midtime of
H+3.67hr and 12.23 pe/m? at a sample midtime of H+1.02 hr, resgpectively. The’ vanation of
concentration generally reflected a'rapid init izl decrease, followed by a less rapid Or.an oc-
caslonal increase of concentration level with increasing time.
Based on values of the maximum allowable airborne concentrattons determmed by the Opera-

" tion Jangle Feasibility Committee, the concentrations detected during the Operation Teapot

series did not appear to represent acute jnhalation hazards.
The partlcle size distribution of the airborne activity, as determined by means of cascade-

impactor sampling, was studied with respect t; distance and time. The distance relation showed

3 endency for samples within 10 miles to have small median diameters, with larger and thea

. smaller median diameters at increasing distances. The explanaticn may be found in the mecha-

nism of fall-out. At near distances the material falling from the cloud is mainly very large

(300 to 500 ), but.very small particles may be brought into the air samplie by means of a scrub-
bing action or some comparable mechanism. At grea.er distances the normal aerodynamic
settling laws may more accurately describe the deposition of activity from the cloud, and, under
these conditions, the particle size will decrease with increasing distance from GZ.

For the purpose of defining the hazard assoctated with solubility properties, both soil and
airborne samples were treated with four solvents. No correiation between sclubility and dis-
tance was apparent for any of the shots studied. Howaver, 0.1N HC] generally removed in
excess of 20 per cent of the activity of sou samples and 40 to 20 per cent of that in alrborne
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Appendtx A

CHARACTERIZATION OF FALL -OuUT FROM MOTH SHOT

Several samples of contaminated soil were collected and brought to Project 37.2 for size
analysis apd redicassay. COne sample (L-48) wag collected 2 miles southwest of Dry Lake on
Routes 91 and 93, and another sample {L-49) was collected. 2.4 miles southwest of Dry Lake.
Two samples were collected by W, 8. Johnson, LASL, in areas of high activity. Hia first
sample (L-50) was.collected in a region of 95 mr/hr, and his second sample {L-51) was from

“an area of 75 mr/hr.

Composite soil samples of 3 ft’ were first dried for appro:dmately 3 hr and then sieved
thraugh a 2-mm screén, Three 200-g aliquota of the <2-mm fraction were radmassa.yed
in gas-flow proportional counters to determine the area ‘contamination. The activity found in an

aliquot was converted to pc/ﬂ' at H+12 hr, including self- absorptxon and coinc:dence correction.
(Table A. 1) . ,

TABLE A. I—AREA CONT AMINATION ORIUIZNATING FROM MOTE SHOT

BT B Activity,
Sample : v -  uc/ftt
B No. : Sample location (H+12 hr) ,
L-48 2 miles SW of Dry Lake on Routas 91-83; 132,18
19.1 miles NW of Nellis AFB gate -
L-49 2.4 miles SW of Dry Lake on Routes 91-93; . 64.33
18.5 miles NW of Nellia AFB gate .
L-50 Sample 1, coilected by W. §. Johnson ' 1821.9
. {95 mr/hr); 2 to 3 milea from T-3 Ares !
L-61 Sample 2, collected by W. 8, Johnscn . . 2012.9

C

(75 mr/hr); 2 to 2 miles from T-3 Area

Further 100-g sa.nip!es of L-48, L-50, and L-51 were fractionated in a sieve mesh cover-
ing the range 2000 u to <44 1 and the air elntriator (roller separator) covering the range 44°
to 0 u. The various {ractions were radioassayed for beta activity in gas-flow proportional
counters; the results were corrected for sample self-absorption. The results in pﬂrcentz.ge of
actwity are given in Table A.2,

There appeared to be a magnetic component in the fall-out materla.l After magneti¢ separa-
tion the 0- to 44-u fraction of sample L-48 yielded 3.70 x 10* d/min in the magnetic component '
and 1.29 x 10° d/min in the nonmagnetic component. Several fractions of samples L-48 and L-51
were processed in this manner, and the magnetic component was determined by radioassay in

gasonow proportionzl countera {Table A, 3)
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TABLE A.2—DISTR:BUTION OF RADIOACTIVITY WITHE
RESPECT TO PARTICLE &IZE

Percentage of iotal actlvity

'Sa.mple L-48 : o
Size 2 miles SW of Sample 1 Sample 2
range, j Dry Lsake {95 mr/hr) (15 mr/hr)
2000840 0.24 2£.82 0.03
840-500 0.18 44,53 55.41
500-420 0.11 21.54 24.28
420-~350 1.12 0.02 . B.49
350300 0.18 0.08 8.84
300-25¢0 0.43 | 0.81 1.58 .
250177 2.12 . - 0.84 0.15
177-125 10.47 . 0.28 0.04
125~ BB 46.63 0.47 0.15
8E - 44 4.03 2.45 0.58
44—~ 20 6.42 0.1% 0,08
20- 0 29.08
20- 8 0.01 0.21
5- 0 0.01 0.21

The magnetic {ractions of sample L-51 in two ranges (420 to 500 u and 500 to 840 u) were

furiher proregsed tn separate a number of apherical particles. Six particlea from esach fraction -

were collected and weighed. The individual particles were optically measured for diameter, and
the volume was computed {for the single particles. On the basis of the weight of pix particles

and their total volume, the apparent denelty of the magneiic material in the 420- to 500-u range
was computed to be 1.28 g/cm?, whereas the density in the 500- to 840-u range was 2,23 g/cm?,

TABLE A.3—DISTRIBUTION OF RADIOACTIVITY WITH
RESPECT T MAGNETIC AND NONMAGNETIC COMPONENTS

~ Sample No. Fractlon, 4 Msegretle, Nonmagnetic, &
L-48 0-44 T4.15 25.85
L-48 88~125 - 5.08 04.94
L-51 420—5600 §9.94 0.08
L-51 . 500~840 98,82 0.18
L-51 - 8402000 89,03 0.07

The individual particles were mounted on microscope slides and were radicagsayed for
beta activity in {lat-plate gas-flow proportional counters. The specific activity, corrected to
H +12 hr, was determined on the basis of the measured diameter (Tabiec A.4),

A sample of magnetic material was analyzed in a single-channel pulse-Leight analyzer,
using a sodium iodide crystal. Three praks were noted at 0.408-, 0.765-, and 1.02-Mev gamma.
The 0.765- and 1.02-Mev peaks were about the same intensity, and the 0.408-Mev peak was
three times this intensity. Absorption studies were made on the 88- to 125-u fraction of sample
L-48, the 287- to 350-p fraction of sample L-51, and the magnetic and nonmagnetic components
of the two samples. There was no apparent difference in the energy characteristics df all theae
samples, A beta energy of approximately 1,7 Mev was noted. Seven-tenths of the total aclivity
was due to 4 gamma component with an energy whose hajf-thickness value was approximately
6 g/cm?, a8 measured by aluminum abscrbers in a G-M scaler.
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TABLE A.4—RELATION OF RADIOACTIVITY . TABLE A.S—DECAY‘CONSTAN-’I‘S

TQ PARTICLE SI1ZE, SAMPLE L-51 OF SEPARATED FRACTIONS
}\cu\}ity per Specifle - - - Decey canszant,
Particle particle, uc sctivity, pe/g Sample No. D+6 days .~
diameter, p . {H+ 12 hr) {H+12 hr) " S—
- ) L-46 -~ . . - 1.38
©640 - . 11e 42,280 . L-51 . 19
780 13.91 7 43,500 . L-48 (881325 2 " 128 .
420 8.35 167,000 L-51 (287350 g) ‘ ) :
020 - 7.80 11,010 S ¥ o
s : . L-48, nonmagnetic - . 1.29
1040 - .13.81 18,630 ‘ ! :
870 10.28 51,130 ‘ ) L-5_1. nonmagnetic K 1,27
820 14.25 : 57,038 L 48, magnetic . 1.22
560 8.81 x 1072 - 8448 © 'L-51 L 1.52
586 8.50 - . 34,020 '
800 . 1242 o 48,510 -
800 3.11 x 1077, 124.4
600 12.86 51,450

TABLE A.6— PERCENTAGE SOLUBILITY OF DIFFERENT PARTICLE-SIZE
RANGES IN VARIOUS SOLUTIONB

Soluble, &
b,

Sample - " Size ' Ipsolubls,

No. Locatton rasge, g % -+ HL OINHClI 6N HC]
L—48-153  2miles SWof Dry  68-125 . 9544 156 - o
T Lake 72,08, 1878 . .24
L-48-108 2 miles 8W of Dry  0-20 p7.88 212 o
: ~ Leke . ' 73.18 -. 18,18 a.68
L-50-134  Sample 1 ©° g-20.  e7.200 280 - 0

' (95 mr/hr), . sor8 - 1166 . 7.58
. ‘ . T-3 Area ) o D
L-60 ‘Sample 1 0-5 . 98,01 198 - o
(#3 mr/hr), : . 72.87 . . 1848 818
T-% Area . :

The same samples were also studied by radioassay in G-M counters for thetr deca}'
characteristics until D +6 daye (Table A5). There were di.f!erences to be noted in the varlou's
samples.

Solubility studies were made on zolutions of distﬂled water and 0.1N HCl. Sou Iractions,
ranging in weight from 0.1 to 1.0 g, were suspended in 50 mi of solution for 30 min prior to
filtration through a membrane filter. Soil treated witk 0.1N HCl was leached with 50 ml of 6N
HCl following the initial filtration. Allgquots {25 ml) of each solution were dried, and the beta
activity was determined in G- counters; the radiaactivitles of each sa.mple were corrected for’
sample self-ahsarption (Table A.8).

On the L-48-153 sample, two additional solvents were used, namely, O.IN sodlum thiosulfate
and a solution of citric acid and sodium phosphate (dibasic) buffered at pH 7.8. Cnly 0.80 per
.cent of the sample was soluble in sodium thiosulfate. However, 14.50 per cent of the sample was

" soluble in the buffer solution, which, ~ogeh‘1er with the 0.1N HC1 soiubulty, cffers an index of

biclogical availabil ity.
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Appendix B

ANALYS]S OF CI.OUD SAMPLES FROM HORNET SHOT

s

B.1 SAMPLE DLSCHIPT!ON

The samples consisted of two aluminum strips, approximateiy 2 in. by 24 ln taped and
positioned on the right and left tank tip fins of jet aircraft Tiger Red I. Both rlght and left
samples represented ociled and nonolled surfaces. Contamination was accumulated by three
passes through tne Hornet cloud at H+1.50, H+1.67, and H+1.83 hr, with an average time of
H+1.67 hr considered as the midtime of sampling. The corresponding elevations of each of the

S ~

passes U'-rough the cloud were 37,000, 36,000, and 36,000 it mean sea Leve.L

'Bz SAMPLE VALUES . . L IR

Readlnga of rlght and left oued and nonolled strips in mr/hr were obtalned by the use of a.
Precision model 107 G-M survey meter calibrated by Co® for gamma dose rate. Readings were
-taken-at measured distances ahove the four samples at two time Intervals aiter H~hour; gamma
readings were determined with the tube shield it the ciose2 position, and beta-gamma readings
were determined with the tube shield in the open position. Values in mr/hr were extrapolated
“to H+1.67 hr by the use of the T-*¥decay factor. The mr/hr values at various distances !rom
the sample and the beta-gamma to gamma ratios appear in Table B.1.
" The readings extrapolated by the T~!'? decay factor at two time intervals after H-hour were
similar for both gamma and beta-gamma, although both high and low variations occur. For'com=
parable distances irom the source, the four samples Indicated quite similar mr/hr values,
particulzrly where beta-gamma readings are concerned. Beta-gamma t{o gamma ratios de-
creased with distance from the source, as would be expected from the relatively greater reduction
of beta radiation compared to gamma radiation by the air as an absorber. The beta-gamma to -
gamma ratios appeared to maxtmize at approximately 40: 1, which was reached 8 in. from the
. source for the H+11- to H+12-hr readmg Thls ratio was generally attalned at closer dista.ncea

!or the later readi.ngs

" B. 3 CON‘TAMINATION PER UN’IT AREA ’

Small porticns of the four samples were xamoassayed by methane-flow counters hzvlng
Mylar fllm windows of 0.8 mg/c:z:nz thickness. Owing to activity variation, samples gare counted
at geometrles ranging from 30 to 5 per cent, as determined by aluminum-covered Ra-D and ~E
standards. To avoid errors incurred by cnergy differences between camples and standards, all |
values were correctad to the distance of the windnw by factors obtained by counting an individual
cloud samgple in all posltiona. The leading-edge samples represented those portions of the
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TABLE B.J—GAMMA AND BETA-GAMMA VALUES® OF FISSION-CLOUD SAMPLES, HORNET

Top lelt oiled-swiace vample® Top left nnunlrled:surface sample®

© Dis- Reading it H+11.22 hr,  Reading at H+ 29,58 hr, Rreu:hrg at H+11.58 hr, 'Reading at R+ 20.82 e,
troce L. . - -
above i mr/hr m.r/hr . .mr/hr - . mr/ar :
Bource, Bey’ By B . By
. r Bey  T¥ y B+y ¥ Y Be+y Y vy Bey Y.
5.0 1820 08.° 135 o038° 11.03 os° ‘158 O8]
w0 1082 08¢ ° 10.5 8538 324 ‘162 08 121 08
5.0 787, o084 €6 27183 413 481 .05’ ) 6.4 3355 524
8.0 412 089 BT 2028 368 381 o8t . &7 2839 48
7.0 374 08¢ 50 1570 814 281 osf | 48 1558 40.8
8.0 238 0859 7 11718 250 2,51 1049 404 5.8 1212 333
9.0 2.35 884 41.7 47 819 187 2.01 883 €@p 28 1851 488
12.0 1.87 55.0 200 8.0 452 119 | 180  50.2 e 1.6 988 €18
160 - 157 535 21.3 1 301 2.7 080  28.1 95.1 1.3 33.2 284
8.6 ' 138 197 167 16 185 12.2 0.50 140 280 ° 1.0 w2 232
: Right ol!ed-su.:h.ce samplet ‘ . Right nozotled-surface samiple! -
- Dia- Reading at H+11.95 br,  Reading a1 H+30,25 hr, Reading at E+11.74 br, Reading a1 H+ 30,44 hr,
1ance . A
source, : Bry -, o Bey ’ fry ‘ . By
. Y . By Y Yy B+y ] Yy  Bey 7 Sy Bry Ty
5.0 4.3 o0s?! 9.7 08! ‘ nsr os! 58 o.5° .
40 - 986 08! 8.1 32386 40.0 320 0.8 ' 9.5 3588 318
5.0 ¢85 03¢ 6.4 251.2 393 518 0.5 7.2 2889 33.8
8.0 44 084 6.8 1884 32.5 410 os! ' 5.9 2268 34
7.0 382 _0.8°. 4.8 1304 272 313 os! 5.2 1728 3.2
8.0 228 1100 %88 4?2 1111 248 2481 1122 g8 . 2.8 182¢ 8
8.0 2.81 ' 98.58 344 5.2 802 282 216 £2.78 3.0 26 813 351
12.0 2,24 5278 238 2.3 3985 173 53.85  31.2 81.2 2.0 488 3.3
15.0 1.35 s1.4 133 1.8 284 203 " 0.88 30.21 851 1.3 5.0 238
180 . 101 19.48 134 1.6 142 14.2° 0.54 15.11 280 1.0 186 186

"These values were corracted ta the midtlme of amplmg, H+1.87 hr by use nI the T i decay hctnr
Contaminatsd area of 14.38 {n.! (92 5 cm )
“Contaminated area ¢f 16.37 0.} (9.4 cm’).
0.8. menns thsy the dial resding was off scale.
Contamisaied area of 12.45 Ia.! (80,30 cmY),
Contaminated ares of 15.62 (0.7 (30.85 em?).

aiﬁminum strip which were bent arcupd the fin, thus presentlng a surface approxlmately

perpendicular o the direction of flight. All othes samples represenied suriaces that were
pespe ig l-“

essentlally parallel to the direction cf flight. The activity per unit-surface area in glven Ln
terms of microcuries per square centimeter in Table B.2.

The replicate samples indicated considerable variation in uc/cm? levela, The most notable
example was the contamination of the leading edge of the right nonolled-surface sample con-

. traeted to that of the immediate and more remote rear samples. It-would be expected that the

htgh leading-edge values would influence the mr/hr values. Other than the fact that positioning
{ the sample during the obtalning of mr/hr readings may have been unfavorable to this section
o{ the sample, the discrepancy is unexplained. In general, the correlation between pe/cm? and
mr/hr values is poor, which probably reflects nonvepresentative sampling of the atrips.
The right oiled- and nonotled-surface gampie values in uc/cm? indicated a greater re-
tention of activity by an olly surface. This relation was reversed in the top left samples, but
only single aamples were involved, . : . .

B.4 ENERGY AND DECAY

. Energy and rﬁecay characteristics were determined by the use of methane-flow counters.
Based on the use of aluminum absorbers, two primary beta components having the following
maximum energies were indicated: 0.34 Mev (half-thickriess = 15 mr/cmi®) and 2.0 Mev (half-
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" TABLE B.2—RADIOACTIVITY PER UNIT-SURFACE AREA OF FISSiON-CLOUD SAMPLES, RORNET -

Activity per
. Time of Sample Total unit-gurfaca
. Sample ATen, count, activity, scuvity, uc area, uc/om!

Sample lacation Yo, em? H+br d/mine . (B+8.17 br) (A +1.67 hr)

Right leading A 2,24 32,75 . 8,388,880 102.4 45.7
edge (per- ' B o 2.89 36.78 4,176,687 . 15.8 25.7

' pendicular to™ Co Co ’ o . '
direction of
flight) ) . ‘ .

Approx.lcmto - A 1.28 38.54 449,658 " p.08 C1.34
rear of right - T o ‘ ‘ e :
leading edge Lo i

Right, no ofl ‘A 2.15 31.42 43,592 1 0.66 0.31

e B 2,87 38.58 61,347 1.20 ©0.81

, D 2.50 32.88 62,392 0.80 0.38

Right, ofl A 1.80 81.38 152,520 2.91 1.28

' B 1.68 - 32.72 207,881 8.33 2.0 -
’ c 1,85 39.88 134,603 2.63 1.43

Top left, oll A 1.66 11.28 - 182,089 - 0.81 0.40

Top left, no ofl A 1.85 11.37 509,187 2.18 © 1.1B
*Extrapolated to distance of window, S

TABLZ B.3—REDUCTION OF CONTAM]NATION BY VARIOUS
DFCONTMINATION PROCEDULES
Sample Recovered Chock
. - activity, Activity ndhrity. total,
Sample and trestment  d/min remaining, % dfmin 4/mia
Right, oil {B) inftial 138,788 100.0 - _
After H,O wash " 107,347 18 32,389 139,718
After zcetone wash 93,721 67.8 8,118 50,887
) After H,0 swab : 14,482 10.4 '
After acetoze swab . 6,888 4.1
Right. no oll (D) . o .
intdal 42,118 100.0 a
After HyO wash 31,188 74.1 11,6%0 42,718
" After acetone wesh 27,048 64.2 B42 27,890
After B/O swab 8,058 14.4
After acetone swab 2,572 2.0
Right, ao ol (C) '
'  Inftial : _ . . .
wer 740 wash 14,8909 70.7 8,087 20,676
After maskisg tape 12,308 68.9 - 2,508 14,814
Alier 50 swab 2,567 12.4 ’
After acetone sweb :]:1 4.8
Right, leading edge (A) T . :
initinl 2,880,810 L :
After E;O wesh 1,476,182 0.8 609,373 2,088,535
After acctone wesh 1,476,801 70,8 34,339 1,601,240
After B;O swab 701,708 3.8
After acetons ownb 410.717 19.7
*Baged on pummation total,
p2
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thlck:ness =125 mr/f'm A 0.08-Mev gamma compunaat wag also lndicated The ;e.—cenmges
of each componenti, as determlned by slmple subttacnon, approximated 75.8, 24.1, and 0.6

. per cent, respectively.

Over the time interval of H+11.2 to H+89 B hr, decay was & function of 'r'l -0

B.5- DECONTAMINA’I'ION

Asa means of determining the ease of removal of contamination from the olly and nor;olly T

" surfates, the following procedure was used: after initial counts were obtained the samples were - ,

successively subjected to running water from a wash bottle (15 ml), running acetone frama .
wash bottle {15 ml), swatbing with a water-molstened Kleenex, and swabbing with an acetone- :
moistened Kleenex. In the case of the first two treatments, wash!ngs were recovered for a
comparztive study of the degree of contamination removai. Each swabbing treatment used two
ewebs, In addition to the above treatments, In one case, Scolch masking tspe was pressed on
the contaminated surfzce, and the removal was measured. Samples were counted In gaa-flow
counters, with all counts pertalning to an individual sample being made at the same distance
from the window. Each serles of counts per sample was corrected to the midtime of L‘le serles
(H+1.67 hr) by the T~1? decay factor. The data are preaented in Table B.3,
There appeared to be little difference In the ease of decontamination of the oily and nonoily
surfaces, although the oily surface did Indicate 2 slightly greater retentiveness with washing and
a slightly less retentiveness with swabbing. Tha right leading-edge sample revealed the greatest
opposition to decontamination, particularly of that material normally removed by swabbing. This
may reflect a higher degree of lmpaction than that occurring In surfacer exposed {o lesser wind

forces,
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Appendix C

FALL-OUT RADIOACTIVITY, TESLA

e .



TABLE C.] —PARTICLE-SIZE RELATION 12 MILES FROM GZ, TESLA

Distance 8
of Qroom
P‘f:j;dh:: A:::';I':,y . 9 of activity in size (u} fraction ’ _
milos W+12br) 0-5 6-20 20-44 44—88 83-136 125-177 1772350 2%G--300 300-350 350420 420-500 500-2000
2.6 6d.42 420 404 084 2291 84.87 0.73 0.73 0.33 0.35 9.18 0.11 0.73
3.6 85.79 3.57T 088  03.  6.05 80.09 0.05 1.40 0.85 0.59 0.20 0.35 0.26
43 374.11 341 1.85 0OF  5.04 70.23 16.80 1.91 .16 013 0.09 0.06 0.22
5.0 1057.98 295 032 - 0.06  4.94 47.21 42.97 1.50 0.08 0.23 0.10 0.02 012
5.3 836.16 224 119 020  4.32 48.76 3z 062 0.c5 5.8 0.06 0.00 - 2.07
6.7 271087 . 170 019 0%  3.59 548  47.1% 28,17 2.79 2.79. 5.35 2.40 0.30
7.7 4334.34 0.27 0.07 0.0 J3.08 2.99 5.01 29.53 26.12 6.05 23.09 1.80 1.13
.79 4816.95 1,71 0.58 .06 -1.86 1.83 1.35 28 .49 20.53 25.12 13.48 6.89 0.23
8.3 1982.01 - 1.67 2.04 0.1%  2.05 1.53 0.72 3.2 19.16 40.46 22.14 6.21 0.63
8.8 1510.18 240 0.49 0.04 . 2\59 4.20 2.33 1,07 8.80 " 43.87 29.26 3.94 - 0.75
8.8 57.28 258 85950 0.2V 17.60 11.18 13.34 5.2 1.08 0.82 11.11 . 2481 5.15
2.0 .9'53 "' 21.456 19.58 0.7Th 21.97 18.51 412 1.96 1.38 0.37 0.28 0.28 R

-
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TABLE C.2-— PARTICLE-SIZE RELATION 20 MILES FROM GZ, TESLA

Diatance 8

" of Groom ] ) . .

Lake Rd. on - Activity, Lo .

Indian Springs " e /itt 7 . % of activity in size (s) tractlon .

" Rd., miles - - (H+12hr) 0~5 6--20 20-44 44-88 B8-126 125-177 177-260 250-300 300-350 ~ 350-420 - 420-500  600—2000
7.0 ' ' 23.30 -11.86 3.30 1.40 49.71° 31.1 3.80 B.90 . 2.74 2.05 2 30 7 2.63 - T7.50 )
8.0 T 104.48  B.65 4.02 0.53 07.48 11.88 4.43 2.19 9.34 0.28 0.14 0.08 - 0.39
a5 131.33 7.9 520 045 15.87 6.04 0.18 .3.85 0.13 0.05 0.04 0.51 0.09
X TR 161.03 122 .20 842  75.56 4.26 49 1.20 1.80 0.17 0.08 0.13 0.68
§.6 191.10 . 4.74 a.81 0.16 B2.11 B.B9 1.00 0.41 0.10 0.04 0.01 0.01 0.03 -
100 99.10 .  0.27T 6.56 0.97 6549 . 90.46 1.87 1.29 0.76 0.70 0.28 0.10 S 662 .
11.0  83.08 4.04 65.03 089 44,89 4241 22371 0.03 0.16 02z 0.5 0.00 . 0,02
12.0 . 161.06 16.78 20.30 1.32  30.20  17.50 12.88 1.01 0.23 0.29 021 8.1 0.59
12.2 . 161.92 4.27 0.62 ¢.16 3.83 81.28 , 8.49 0.48 0.22 0.29% 0.13 0.07 $.39 .
126 - 34679 5.15  4.07 045 3.39 78.53 - 6.88 1.21- 0.03 0.14 0.02 0.01 . 0.08
12.8 " 85713 2.66  6.25 0.53 9.44 50.74 29.32 6.44 0.42 - 0,02 0:05 - 0.02 0.10
1.2 1681.09 -7.8  0.85 1.6 6.1 18.72 69.92 151 0.8 1.13 - 014 912 . est .
13.5 , 2172.61 314 028 0.2 813 - 17.62 52.30 17.53 .. . 2.44 0.12 L0z 0.0 033
14.0 . 25639.46 4.08 673 1.89 82,74 24.33 5.59 2,34 2.10 0.08 0.04 0.04 0.08
14.4 1317.48 4.59 2.56. 0.43 2.83 2.90 60.13  2a.70° 10.9¢ 0.06 . 0.06 o4 012

147 . 846.04 313 6589 1.68 3.47 0.87 58.04 16.08 7.90 - 2.66 0.08 -~ 0.07 0.21

15.2 o 887.27 568 B8.12 208  0.90 " 0.80 98.75 32.94 4.39 8.17 2.06 0.05 0.15
15.3 809.16 ~  4.90 8.17 0.88 .9 095 4403 3878  0.00 0.06 S 0407 . 0.0 S 0.09
i6.4 . 473.83 1.3 027 031 1.24 038 6461 22.76 - 1.45 . 0.46 0.29 - 0.32 0.58
16.0 : 10.18 1.87 6481 1.74 B.14 2.99 14.18 612.73 0.31 ©0.23 0.20 0.68 0.85
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TA.ﬁLE C.3—PARTICLE-SIZE RELATION 46 MILES FROM GZ, TESLA

2.85.

Distance N . -
of Hwy. 95 on - Activity, )
Sheep Canyon Iy ‘ . % of activity in size {(u) fraction o . c
Rd., milea (H+12 &r) 0-5 5-20 20--44 44—88 88-125 125-177 - 177280 280-300 . 300-350. 350420 420-500 500'—2000,"‘
53.6 8.02 0.00 23.25 5.10 40.41 2.48 4.56 4.85 3.67 2.06 2.53 1.99 9.10
516 231.03 11.67 3.68 ¢.p2 48.54 ' 2B.18 1.68 1.26 0.83 071 0.4% 0.35 1.70
51.1 374.64 10.31 " 0.73 0.90 45.70 ar.ro . 1.23 1.44 0.59 0.39 0.25 . 0.16 0.R0
50.8 533.13 10.00 5.38 2.65 49.79 27.03 5.18 0.75 0.42 0.41 0.01 0.13 0.25
50.1 673.13 7.28 §.18 0.83 23.63 48.90 12.24 0.86 0.22 " 0,18 0.05 T 0.03 0.15
49.6 421.65 4.95 413 0.83 68.76 16.67 2.27 0.84 - 0.54 0.88 0.18 0.17 0.49
439.1 248.32 7.11 3.40 0.41 77.40 7.80 114 0.69 0.40 0.62 0.16 0.16 0.72
486 61.57 2.33 000 o012 64.88 4.60 16.49 3.38 1.61 1.52 3.87 . 0.72 ~ 0.08 L
4.4 35,43 8.39 2.66 23.1% 54.05 4.39 0.00 3.26 . 0.00 - 0.00 3.08 0.14 0.5 - - -
TABLE C.4—PARTICLE-SIZE RELATION 60 MILES FROM GZ, TESLA
. Distance N . 7
of Glendale Actlvity,
on Hwy. 93, s 7 ‘b of activity In aize (4} fraction . | , S
mileo (H+12 br) 0-5 6-20" 20-44 44-80 BO-125 ~_lﬂ5—lf” 177-250  250-300 - 300-350 350-420 420-500 5002000 - -
45.7 9.87 ° 19.42 28.99 27.88  22.80 1.11 0.00 0.33 0.00 0.00 .00 0,00 - 0.00
40.7 30.14 6.44 7.64 1.40 76.17 1.4 0.55 5.14 0.56 0.1% 0.i1 0.02 . 033
37.7 202.11 8.20 8.59 1.87 77,22 - 1.3% © 031 0.87 1.40 0.70 0.00 0.C0 - 0.00
36.2 163.45 8.3 7.02 1.8 '75.20 3.51 - 0.17 0.89 1.95 0.15 0.15 0.08 0.70
35.7 133.99 846 530  0.25 7541 8.17 0.73 .79 0.86 0.42 0.21 0.28 1.34
Cus2 191.00 6.66 6.94 007 7664  8.24 0.80. 0.81 0.57 0.43 0.07 0.00 0.2
34.7 128.04 5.64 16.42 1.51 65.44 6.04 0.87 2.09 0.48 0.85 - 00T . 019 070
33.7 19.40 3483 925 LT 73.11 1.14 0.70 3.42 .17 _0.60 0.29 - 0.50 . 2.83 .
0.3 T 3.04 14.20 2.78 493 3593 1.13 10.00 4.11 187 156.47  8.08

8.56

i
*
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. TABLE C.5t—PARTICLE-SIZE RELATION 789 MILES FROM QZ, TESLA

% Cistance N i )

4 of Hwy. 83 Im . M:tl_vlty. . 1 ity in size fractl _ o

: Meadow Valley /it . . _ % of activity . ) on - . ;

!',. Wansh, miles He+l2 hr)‘ 0=-5 5--20 Z0-44 44-88 88-—126 126-177 177-250 260-300 _ 300-3850 350-—-420 420-500 &00-2000
}( 3.7 ’ 10.07 ° 12.37 1.22 72.07 52.62 ) 5.18 11.40 b5.26 . 2.24 1.74 ) 1.38 1.12 3.4¢

H 29.7 - 37.98 7.87 2.31 5.26  69.12 . 967 - 2.40 1.18 o 0.34 0.24 70'.29 - 0,20 1.13

Eg . 27.8 68.17 - 8.08 4.43 1.81 78.40 3.40 . 2.38 . 135 0.65 0.40 0.30 0.27 0.56

’: 26.8 ’ - 183.70 11.88 " 5.43 2.61 86.54 1.36 4.13 0.72 0.30 : 0.32 . 0.22 0.i6 0.34

N 28.7 101.93 7.87T 3.84 1.15 78.17 1.43 2.40 2.20 0.85 0.21 2.03 0.13 0.1%

5{- ©o26.0 17.25 544 468 - 8.97 64.056 3.56 3.80 - 3.09 1.1% 1.449 . 1.10 0.83 ’ 158 . o
: 253 . 9.73 10,06 1.49 1.04 60.25 1.06 3.89 5.01 5.12 3.41 3.29 218 2.33

& 24.9 - "3.53 2208 1.68 0.00 68.35 0.17 1.37 2.15 0.58 0.41 - L.87 0.87 0.00

4 : ,

;' TABLE C.6--PARTICLE-SIZE RELATION 96 MILES FROM QZ, TESL.A

: o Dlstance N
K of Hwy. 81 " Activity, . : ' :

i . 1l . N
3 on Elgin Rd., e 7 . ) % of activity in ’1“:, {y) raction L

; miles _ B (H+12 hr) 0-5 5-20 20-44 44-88 88-126 - 125—17"' 177-260 260-300 300 -350 350420 430-500 §00—2000

l . 48.8 . 2.62 . 11.34 13.00 - B50.67 3.77 1.47 1.99 1.85 - 1.1k ’ 1.46 . 1.03 . 1.1 1043 0
! 31.8 : 36.61 7.10 .53 1.70 77.54 1.601 0.77 . - 0.28 . 0.13 a.1p _ 0.21 - 0.18 1.43

! 16.0 . 160,48 11.05 11.83 2,27 7241 ‘.00 0.04 0.39 0.07 0.08 0.00 004 - 0.14

! 45 57.02 861 8.4 227 16.35 276 .00 0.8 0.00 .00 - 000 ~  0.00 0.00

: 14.0 26.18 13.69 11.61 4.91 64.25 . 1307 1.06 1.68 0.23 ) 0.08 0.08 . D8 o003

) : - 12.5 . : 4.71 29.95 44.13 28 | 0.3 0.00 0.00 - 541 8.41 000 0.00 2.¢8 8.25
. : Thayer Rd— - ) s 7 : . )
. ) Jct. 48.19 ' 25.88 11.81 24.08 1_9.21 4.27 8.22 1.91 089 - - 0.417 '_0.05 0.82 4.19
H - 4.0 milea 8 . o o ‘ )

3 of Thayer

L RA.—Eigin o . v :

' Rd. Jct. L. 43.40 530 845 3.9 ) 89.09 *7.60 3.08 - 1.16 . 0.39 0,03 - 0.19 0.17 T 0.66

}
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TABLE C.7-—PARTICLE-SIZE RELATION 132 MILES FROM GZ, TESLA

007

Distance N
:‘L::r;;;_l :;. Mp:;;:." % of activity in eize (u) t‘racllonr _
miles (H+12 br) 0-5 5-20 2044 4488 988-125 125-17T 177-260 250-3Q0 300-—-360 350420 420-300 600- 2000
5.0 14.98 18.80 3.00 60.16 6.63 J.40 0.00 0.00 0.00 0,00 0.00 0.00 0.00
3.0 22.05 4.30 11.38 69.52 5.30 1.83 3.28 ° 0.68 0.06 0.24 0.10 0.05 0.25
1.2 4391 8.12 11.31 87.11 17.58 2.4 2.14 . om 0.21 0.03’ 0.05 0.05 0.29
0.5 33.43 3.08 1.80 63.32 24.37 2.93 1.28 ~2.80 0.19 1.0% 0.10 0.00 0.00
35.5* 11.97 15.23 12.17 20.308 25.03 3.76 3.12 23.40 2.51 2.32 291 2.54 7.62
23.5* 26.51 12.15 4.08 2.49 69.69 2.66 2.68 5.66 0.17 006  0.16 ¢.11 0.19
22.5* 32.34 " 7.78 17.62 33.28 J33.78 _ 1.61 1.89 3.49 0.10 0.13 0.11 0.03 0.17
21.0* 34.63 271 131 0.28 - 52.66 2.18 2.16 0.80 0.41 0.44 0.44 2.01 34.60
. 19.5° 20.46 4.56 2.29 1.56 58.14 6.44 8.25 .40 . 1.89 1.72 1.78 1.77 10.28
"_13.5. 15.34 2.81 3.8 .81 36.44 8.91 10.il " 4.54 2,38 2.40 1., 2.26 12.26

*Miles NE of Mesquite on Bwy, 91.
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FALL-OUT RADIOACTIVITY, TURK
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TABLE D.1-—PARTICLE-SIZE RELATION 11.56 MILES FROM GZ, TURK

Dislance NW

of Tippipah .
Springs at . Activity,
_ Painted Rocks. uc/it? % of activity in size (u) fraction N
miles {H+12 hr) 0-5 5-20 20--44 44-88 898-1256 125-177 177-250 250--300 300-350 3650—-420 420—-500 5002000 -
5.4 872.8 8.65 4.37 014 4.0 8.11 £4.00 10,38 311 0.18 013 - 007 B U
59 1447.81 10.40 2.16 0.38 4.17 €.11 61.10 3.76 0.20 3.11 0.32 0.30 “1.29 ’ C
6.8 1863.38 8.84 4.70 0.15 4.25 3.65 65.65 18.78 0.46 0.66 0.35 0.26 1.15
10.8 1225.27 4.34 067 0.68 . 2,32 17.23 68.40 11.42 1.04 1.24 0.69 0.63 1.5¢-
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TABLE E.I—PAH'I;ICLE-SIZE RELATION 13 MILES FROM GZ, APPLE 1

Distance 8
of Groom .
Lake Rd. on Activily, :
Papoose Rd., wc/td 7 o % of lntlﬂl.y in slze (u) l'ra_ctlon .
miles (H+12 hr) 0-5 §-20 20—-+4 - 44-88 88-125 125-177 177-250 250-300 300-350 350-420 420-500 500-2000
2.8 70980 002 088 - 040 416 1.02 0.86 15.30 30,20 17.68 141 2182 6.52
T 4.5 1114.09 4.86 8.83. 1.2a 72.93' 0.42 0.22 0.44 192.08 29 BD 12.66 - 11.a2 ) 10.28
5.0 917.66 5.28 4.9 0.95 1.399 - 0.B4 0.33 0.81 3.69 13.91 ° -16.9% 7.5% 44.62
TABLE E.5— PARTICLE-SIZE RELATION 23 MILES FROM GZ, APPLE I
Distance N ) i
of 1SAFB® on Activity,
Indian Springs Iy . _ . t of activity In size ) froction - .
Rd., milea" - {H+12 hr) e-3 5-20  20-44 44-88 -88-125 '125-177 177-250 250-30¢ 300-350 - 350—420 420-500 600—2000
45.5 20.42 . 13.48 8.72 1.23 0.14 9.51 0.34 1.92 0.37 0.56 0.11 57.46 0.37
46.17 155.00 1.56 14.11 - 0.17 7.34 1.76 1.01 3.35 9.25 20.79 T 0.08 . 32,52 0.09
41.3 246.60 8.27 17.99. 048 6.25 2.07 1.74 27.63 - 4.35 3.88 33.65 - 2.30 0.36'
47.9 706.97 3.49 21.28 .0.20 3.45 1.22 1.58 21.96 T.62 7.43 11.03 - 14.4%- 0.13
48.3 1094.10 - 541 247 0.12 5.96 1.85 2.45 24.04 - 30.06 S 22.89 4.44 . - 0.07 . 0.17
19.2 465.25 12,89 1.05 0.€8 2.03 0.79 2.16 40.56 26.13 5.65 8.55 0.17 - 1.03
49.5 508.15 3.25 10.93 1.0 0.73 - 0.58 25.69 29.27 19.31 8.28 0.06 . 0.05 a.80
49.8 144.06 4.43 2.86 0.3 5.74 2.29 1.68 41.28 2.16 6.03 o B84 . 0.03 © 2345
50.3 . 18249 047 648 0.1  3.70 811 6.05 84.77 0.38 8.77 0.20 0.4 . 0.23
50.8 146.78 . 3.98 210 0.1  3.64 141 0.8 47.06 20.2% 2029 - 012 0.00 0.06
62.8 172.77 4.81  0.84 0.39 1.04 2.74 55.08 1380 1,24 18.16 . 0.58 046 - 0.78
4.1 132.12 ‘002 149 D.I‘B_ 3.04 - 2.46 74.50 13.26 0.00 - ° 0.01

.28

1.08

* Indian Springs Air Force Base.

0.07
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TABLE E.)—PARTICLE-SIZE RELATION 64 MILES FROM GZ, APPLEI = - -

Distance 8 . . v
““A‘:;:';o;n_ Aic";::{ ’ ] o © % ol actlvity in slze () fracu;cm ) R T §
‘miles ~- {(H+12hr) 0-5 5-20 20-44. 44-88 B8-125 125-17T7 177-250 250-300 300-350  350—420. 420-500 500-2000
4.0 16.80 13.13 26.63 572  18.81 408 11.19 10.98 .2.35 143 - 083 - 1.25 75855 .
3.0 - 139.34 17.76 11.47 1.78 3.61. 2.60 56.78 0.33 5.67 0.00 - 0.00 000 -7 004
2.5 203.88 0.43 1.76 1.8~ 12.00 18,02 50.99 3.89 0.64 0.56 . - 045 . €36 7 201
2.0 143.10 11,02 6.62 1.82 3.66  5.15 61,22 8.15 0.15 0.02 - 0.05 ¢.02 . 011~
1.5 247T.16 1009 0.88 4.9) 13.56 5.49 £0.33 " 079 0.48 643 .. 0.29 0.7 274
1.2 345.61 9.71 17.53 2.10 4.17 6.01 - 55.33 4.49 . 0.04 008 . . 0.02 © . 0.0L 0.33
1.0 259.20 - 14.08 2¢.08 5.1) 8.2 12,44 31.14 2.45 0.19 0.20 0.10 0.14 - 0.82
0.8 250.63 4.23 12.57 0.8) 8.28 432 §7.27 0.59 0.27 0.28 0.23 9.1t 0.95
0.5 183.02 1781  6.72 - 0.83 0.67 ° 1584  54.78 0.71 03¢ . 0.28 0.33 - g.22 2.36
0.3 206.64 1231 8.21 1.1 2.86 18.70 - 51.87 0.58 0.48 ¢ 0.75 0.27 0.56 2.90.
Alame 180.84 8.35 17.20° 1.8% 1515 19,87 36.19 0.13 0.08 0.00 0.02 0.04 0.04
0.4" _371.53 19.63 .95 080  6.16°  4.66 56.13 2.37 -0.00 . 0.03 9.11 6.00
1.0 264.88 292 1.88 0.4h 8.22 39.13 35.49 3.58 3.74 . 0.53 1.08 0.39 2.52
1.5 217.89 17.09 2,98 12.49  4.78 . 20.21 25.86 4.24 0.50 0.24 0.26 0.29 .  2.26
C2.0¢ 138.20 28,07 §.B7T . 1.8h 3.32 15,60 27.719 10.45 0.6 7.58 0.32 0.28 . ~062
2.5* 121,52 17.66 12.62  3.26  4.83  33.37  22.46 LTT 9.28 025 - 0.40° . . 0.38 235
3.5 - 131,18 24.25 ' 6.84 3.4) 17.08 - 32.08 135.80 - 0.39 0.01 ©. 012 012 ©0.21 S 071
4.5* §0.22 6.78 2.08 9.70  13.44 5001 - 6.73 0.60 0.28 : 0.54 .0.67 . 0.7 8.31
6.5° 100.69 26.73 8.28 5.40 5.7+ 36.84 7.17 8.85 0.33 " 0.13 035 - 0.60 2,77
1.7+ 40.89" 12.80 4.37 4.12° 2000 3132 4.92 1.72 099 1.38 140 120 . 6.77 -
Kiko 18.27 508~ 963 136 6111 " 8.13 7.78 4.156 1.58 1.58 0.78 . 0.54 2.19

008 | "

*Miles N of Alamo on Hwy. as'.

B T T Tl
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TABLE E.4-~PARTICLE-SIZE RELATION 92 MILES FROM GZ, APPLE 1

Distance N

M::;f“'; ;l'l‘ey “ﬂ::;;:,’ ' % of activlty in alze (s) fraction - : o o
Waeh, miles Mei2hr) ©0-5 5-20 20-44 44-89 88126 126-177 177-250 260-300  300-350 350-420 420-500 500-2000
9.0 5.34 15.37 25.25 8.05 7.56 ‘az.as 7.41 184 S 0.00 - 1.47 0.48 0.00 0.62 -
11.0 . 1533 9.63 351 338 1038 3435 6.64 "5.80 8.38 3.29 3.00 2.51 7.86
120 - 7588 742 - 1.85 00 - 3593  43.29 - 0.79 0.11 0.01 " 0.26 0.07 0.00 9.07
13.0 49.61 19.40 33.38  6.75 . 1675 1835 369 0.13 0.00 . 0.09 0.02 0.01 244
14.0 44.80 13.51 8.10 . 741 15.22  385.16 980 188 110 0.92° 0.7 0.54 5.5%
145 98.47 16.90 21.49 © 4.5  27.04 22,01 2.69 LT 064 .60 ;- 0.49 030 154
16.0 o 4782 9.14 18,14 14.07  11.4T 2245 0.84 - - 213 1.28 1.13 0.48 0.71 1665
155 55.68 361 283 -6.61 3885 18.08 . 177 - 4.30 1.00 1.58 L4 1.51 1.70
16.0 - 8210 10.17 6.97 1.22  §0.54 25.47 345 0.51 0.20 9.10 S1.09 © 0.04 © 024 -
16.5 69.43, 24.13 14.40 22z 2320 28.89 2.06. 1.48 0.16 0.06 S0l0 . 0.97 112
s . 50.69  -11.01 1085 356 4266 9.60 9.87 2.04 1.28 0.98 " 090 0.0 1 8.20 1.
18.6 6.54 43,57 3.87 061  13.85  82.M 3.41 1.08 0.73 0.00 - 0.00 0.00 0.13
< 208 378z 766 168 019 6186 2027  1.86 2.74 0.94 - 0.06 - 0.04 0.08 2.94
- Caliente 1.49 6.22 668 1156  64.34 2.7 2.13 11.98 0.98 0.73 056 . 0081 1.67
- 2.0 20.20 410 793 - 1L.M4 6.67  18.30 0.46 0.21 - 0.04 .04 0.03 © 0.3 014
4.0 - 12.66 23.06 572 9.28. 4008 - 15.15 0.90 124 . 046 060 045 0.26 - 2.83
8.0 19.04 3.70 1167 . 176 6.47 0.79 0.31 L 047 0.08 . . 111 74.83. - 0.02 - 0.08

oemveTre
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TABLE E.5-—PARTICLE-SIZE RELATION 140 MILES FROM GZ, APPLE I

Distance . .-
along Utah Activity, X L i
. in fractio X .
Hwy. 16, o/t | bof aoivity tnslas () fracticn L :
miles ‘(H+12hr) ~ 0-5 . 5-20 204 4488 - BA—125 125-177 177250 250-300  300--350 = 350420 420--500 - GOO-2000 -
0.8* ... 0,52 12.83 2039 ~ 6.48 2098 10.48 13.11 165 1.41 2.01 '9.00 . 0.0 5.09
1.9° : 0.85 7.87 1565 . 7.07- 24.89 . 7.4 10.81 9.11 9.54 0.63 197 . . 04l . 9.94
2.9% 0.51 1.88 18.32 . 3.30 - 29.69 12.34 B.63 - 5,48 4.69 ©10.15 142 D 018 3.01
2.0t . 5.02 12.60 17.59  la6 26,30 2.79 ) 3.27 1.3 - 1.66 1.57 1.51 14.31
4.7 - 17.90 744 9.66 432 46.67  11.25 4.12 3.35° 1.54 1.65 1.44 0.31. 1.24
z.bx o 11.66 485 14.14 5.13  46.36 6.79 2.31 518" 1.64 1.00 - 1.11 0.3t 10.53
1.4% C.24 11.01° 14,07 463 41.98 477 10,63 1.02 2.49 4.14 1,48 0.59 1.50
4.94. ] .23.00 . 063 0.15 0.03 3579 1.99 -9.41 17.22 5.64 8.03 3.05 3.1 8.28
548 ' 9.62 419 1223 674 19057 2.21 2713 1.86 0.12- 0.17 0.57 0.13 1.04
9.75 ’ 6.51 8.22 1261 - 7.93 4218 - 1.08 9.03 3.78 2.97 2.11 1.95 1,04 1.09
. *Miles N of Veyo. 1 Miles N of Central. - " $ Miles B of Junction with Uteh Hwy, 129. § Miles 8 of Beryl jJunction,
TABLE E_8-- PARTICLE-SIZE RELATION 165 MILES FRGM GZ, APPLE 1.
. Distance 8 o . .
" of Cedar City . Activity, .
on Hwy. 91, e ftd ‘ ‘lmf activity In size {u) [raction } . o 5
_ miles (H+12hr) 0-5 5-20 20-44 44-80 B8-1i5  125-17T 177-250 350-300  300-350  350-420 © 420-500 500O-2000.
142 o 5.05 10.29 12.60 9.6% 32.20 12.91 1088 6.99 2.50 1.34 0.00 . 0.50 0.10
12.2 A ] 6.30 1407 . 7.8  5I.19 8.7¢ 6.09 2.65 1.56 . L50 0.23 ©0.00 1.73
102 ' 748 407 1860 . 1.£8  6L.70 3.50 3.94 2.45 0.07 L3I0 0.23 . 0.51 2.05 .
9.2 . 9.70 11.86 15.06 15.56 27.51 6.6% 7.90 a.85 3.10 212 1.38 .02 4.42
8.1 . 5.64  1.61 2.89 3239 2781 - B.07 12.01 10.37 3.24 9.28- 0.71 0.%5 0.08
7.6 10.3¢ 12,11 1647 . 4.61 4812 268 2.91 3.18 2.19 2.72 0.9 1.10 3.13
7.0 _ 1365 6.7 14.62 10.80 490.46 3.21 4.52 - 2,96 1.82  1.35 1.09 0.90 2.52
6.5 - 4.06 11.19 1234 - 0.00 45,38 2.85 4.14 0.00 " 1.41 0.17 a2l 3.08 16.46 ..
6.0 5.91 . 1.97 10.98 5.67 - 37.40 . 4,0% 17.16 - 3.48 2.81 3.77 3.23 1.53 3.07 .
5.0 T 5.26 3,68 3.51 3.2 3103 2.80 2,07 - 0.95 0.29 0.16 0.00 0.61 - 0.73
4.0 nm 17.77  16.19 6.20 2165 = BT1 6.43 11.34 5.15 14T 1.22 -2 3.77
2.0 0.714 - 351 15987 -8.13 2171 011 . 1127 - 7.10 8.60 5.60 6.24 2.59 4.15
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TABLE F.1—PARTICLE-SIZE RELATION 20 MILES FHOM QZ, MET

Distunce N
. of ISAFB on Activity,
E Indiun Springs. wo % of activity in slzs {u)} (raction 7
{ Rd., miles {H+12hr) 0-5 ©6-20 20--44 44--88 68-—-126 126-177 177-250 260--300 300-350 360—-420 420-500 600-—2000
t .
21.5 19.17 16.43 8.34 5.59 R.58 6.07 20.83 23.80 3.60 3.22 ’ .. 1.06 .89 . 1.47
% 27.0 15.02 9.57 15.90 15.04 19.67 11.97 16.26 9.10 n.82 0.66 ’ 0.09 - 030 0.62
i 26.6 229.95 1568 12,98 2.57 1.79 6.19 212 2.36 14.51 41.58 0.11 0.03 - 0.09
i : 26.0 666.38 5.98 5.19 1.63 2.38 1.10 2.47 5.99 20.37 37.35 11.17 0.04 0.03
i o 25.8 2645.20 ' - 2,75 4.08 0.46 1.5 0.47 1.23 12.06 26.94 41.38 7.656 1.17 0.02
i 25.2 4346.63 2.60 2.05 0.20 1.87 0.68 0.84 9.39 28.17 42.13 . 821 0.01 4.05
; 25.0 5541.80 3.7¢. 0.80 0.29 1.37 0.53 0.98 10.38 21.39 36.08 13.22 12.23 0.21
’ 2486 2939.27 0.00 0.20 0.42 1.09 0.50 1.93 18.13 25.39 32.29 5.32 7.53 7.20
24.2 1810,70 4,26 1.81 0.79 2.00 0.01 2.97 23.99 18.23 29.07 6.84 1.00 T.91 _
24.1 1988.10 .10 0.85 0.62 1.87 1.40 5.04 B8.35 10.62 1m 19.95 . 1.89 37.43
4.0 1334.80-- 0.99 0.20 0.07 0.50 0.33 3.94 12.62 12.87 6.90 4.98 43.64 14.04
) : 23.56 259.45 4.77 6.98 1.88 4.87 1.42 1.05 27.80 2.28 9.98 2.82 . 44,87 0.29
e 22.0 8.8p 2.13 2197 4.80 33.30 10.17 18.17 4.48 2.73 1.64 0.80 0.00 1.80
i
!
i
1 » . . - 3
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TABLE F.2~PARTICLE-SIZE RELATION 58 MILES FROM GZ, M.’r.r
Distance N of - ’ .
Meoadow Valley Activity, C-
on Hwy. 83, we/it? ' ) % of acuivity in aize (u) fraction . o S
miles C{H+1hr) 0-5 §-20 20-44 44-88 BO-125 125-177 177-250 250-300 - 309360 . 950-420 , 420-500  500-2000 .
255 - 14.33 19.42 10.76 2.51 2784 - 16891 14.58 0.32 . 1.84 0.55 0.08 0.44 2.75
20.0 © - 196.38 . 7.09 2.98 0.40 8.35 36.91 37.91 4.58 . 9.24 0.45 .27 0.31 1.39 B
18.0 321.45 - B.BO 3.46 . 1.2 13.79 28.67 3291 7.18 1.37 0.35 C - 0.40 0.29 1.45
16.0 658.43 2.44 1.a8 5.71 30.03 24.80 13.41 18.45 2.63 .24 0.11 0.24 0.57
15.0 803.01 960 3.4l 0.70 5.44 19.67 26.90 31.50 0.79 9.37 - 0.31 © .21 101 0
14.8 890.50 6.37 134 . 0.50 2.67 5 645 24 8GO 38,67 . 1.21 16.5 - © 0.22 ©0.23 018
14.5 667.38 5.83 3.35 0.26 2717 4.82 13.80 38.80° B.95 0.43 0.78 0.06 .
14.4 770.68 852 097 0.5 5.15 646 1286 36.75 .0 16.33 S 13 . 0.20 "0.12 . 0.43
14.2 - © 824.10 5.81  0.62 0.60 3.78 342 42.74 23.81 15.45 128 . 035 0.38 C1.67
14.0 . 376.53 661  2.09 0.38 . 3627 '13.58 42.33 18.47 1.48 478 - 016 0.11 - 0.42
13.9 414.66 - 4.85 0.81 036 3.72 187 . 12,85 71.88 3.13 0.18 6.05 0.08 . 0.2
13.8 397.00 6.39 0.54 0.62 4.65 3.58  23.39 1 53.34 _8.37 0.28- . 0.24 L 0.21 T .38 -
13.4 279.19 . 435 319 0338 © 372 219 2494 42.53 1748 055 0ar 027 . 033
132 © 18059 - 1.50  3.78 0.52 341 10.30 11.64 4,44 §4.07 ° . 0.32 0.05 0.02 - 0.04
13.0 90.08 9.02 1.31 0.38 3.76 0.74 19.48 45.30 T 14.92 15.04 0.52 0.39 T 214
12.0 9.14 " i6.89 10.93 439 300 | 977 8.23 3.74 . 110 2.04 .98 1.64 5.28
10.0 218 2110 300 1836 1886 565 . 8.05 - 7.1 R Y .55 2.68 " 1.68 7.85
8.0 S 1.82 12.69 462 350 - 2382 9.0 10.59 " 14.61 213 818 “3.12 7 .76 9.4 -

031
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TABLE F.3—PARTICLE-SIZE RELATION 140 MILES FROM G2, MET
Distance N - )
of Enterprise Activity, . -
on Hwy. 18, Iy - . '1‘;01‘ activity in alze () fraction - 7 5 , . R
miles - (H+12hr) 0-5 5-20 20-44 44—88 88426 - 125—197 177-250 260-300  900--36¢  9560-420 420-500 600-2000 7
23.0_ 1.68' 15.23- 12.37 ) 0.96 »38.]5 . 1.40 18.77 2.79 1.29 0.95 - 0.76 - 0.46 268
18.0 651.75  8.78 1.23 1.39 33.70 - . 25.38  21.92 187 . 107 0.66 060 o052 . 278 ;-
18,0 T 67.04  B.72  1.47 0.46 3952 20.85 14.43 2.53 5.86 063 062 0.45 44T
120 10048 0.24  0.03, 021 - 6.08 6.92 1967 1917 - 2.66 2.50 11,60 6.71 28.21
10.0 . 98.38 12.24 11.49 0.1 1431 53.68 T41 - 013 0.05 0.12 002 0.09 0.27
9.0 7108 286.98 8.7 1.5% 8.m .88 2137 . 087 .. 0.09 0.04 Co061 | 0.03 - 0.26
8.0 7146 7.87 1177 1e . 8.08 11.15 9.83 18.25 . 1.10 - 83.85 0.3 - 024 - 0.3}
6.0 38.18 11.50 825 . 078 8.89 - 43.59 240 - 193 -.19.23 1.24° 049 . 054 ' ‘103
5.0 8.54° - 11.08 64.31 ° 1.37 12.0% . 443 . 28 244 - w2 0.00 0.06 0.00 0.00 .
1.0 1.04 10.09 363+ 244 1964 - 5.37  8.50 5.63 3.40 208 77 2058 . 216 542 .
Enterprise "0.62 9.84 3646  3.08 10.84 345 . 353 . 273 . 120 2123 . 1.88 - 0.97 485
L)
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TABLE O.IV—i’ARﬂCLE-SlZE RELATION 7 MILES FROM GZ, APPLE I

E s Distance W

g . of Mercury : . . R o

N ’ _ Hwy.on T-2 Activity, : : ) . : ) : . ST
! ) “Accose RA., © - ue/} . ° 7 . % of activity in size {u) lraction ) B ‘ R
§ mlilen (H+12hr) 0-5 6-20 20-44 44-88 88-125 125-177 177-250 250-300 300-350 - 350—420 420-500 ' 500-2000 - - !
; 7 4.7 ' 1292.36 0.32 0.22 0.02 - 0.54 . 0.0X 0.35 : 0.33 3.72 80.57 26.29 4.98 2.67 S ’ '
- 4 2476.51-  0.52  0.31 0.10 6.48 . 0.20 0.42 0.39 0.16 0.29 - 19711 ° 2908 20.62
. - ] . 4394.20 052  0.31 0.10 0.48 0.20 0.42 0.39 0.15 0.2 19.71 20.08  48.34

Do v . 1.2 5913.77 0.36  0.12 0.08 033  0.18 0.38 - 0.24 T8 - 002 0.16 14.31 8337
. ‘ 2.9 : 1183.22 127 1.1 0.1¢ 0.59 - 0.20 0.98 . 0.87 0.956 0.5 121 1658 T 7548

’( 268 - _— 2070.10 0.09 0.06 0.0% 0.08 0.04 0.09 0.07 0.04 0.068 : 0.22 - J.86 ~ 95.38 -
£ 2.4 769.38 010 010 o0l 0.85 0.36 0.53 0.66 0.39 069 . 0.32 0.53 95.60 - i
'g 08 7451 0.85  0.00 0.00 215 9.00 0.00 - 0.00 0.00 | 000 - . 000 16589 - BLST .7
. % - — —

TABLE G.3-—PARTICLE-SIZE RELATION 48 MILES FIOM GZ, APPLE 0I :

b ' - Diatance W . _ ,

. hary AR

; = ofRec onOld  Activity, T

: . Hwy. 25, e /itd i ' % of activity In glze (s} fraction . L

i miles - (H#12hr) - 0-5 5-20 20~44 44-88 68126 125-177 177260 260-300 300350 360-420  420-500 600-2000 .. -}
12.0 - T 2060 10.08  4.56 0.62  65.86 871 7.14  0.88 0.04 . 0.00 000 028 . 097

! © 9.0 ~ 34.00 3.83 5.84 0.5 6.67 - 4153 - 2,95 0.59, 031 ¢ 0.5 . 0.40 34.02 4.19 - -

! 60 - - 108.69 4.40 " 12.18 0.10 1.7  175.48 6.08 0,00..  8.00 0.00 0.00 - 0.00 0.05 BE
0 3.0 . - 49013 1.86 13.51 . 0.62 . 212 6234  17.82 0.89 0.05 003 ~  0.08 0.8 0.54 - 1
’l 34 525.49 11.38 2.17 " 1.02 2.10 65.68 - 23.88 0.679 - 0,22 0.21 . 0.20 - .- 018 o 1.52 - ~'; )
',; 15. . . 500.87 7.80 3.5 0.18 4.04 - 38.87  41.94 1.21 013 . 115 . 048 011 | 1.32° .

: 1.5 698.28 1288 599 0.8 1.95 31.06 43.35 1.19 105 - 018, - 020 015 14 T g

b 14 - 580.06 10.41 3.38 0.2 0.08 36.75 4588 - 0.12 0.20 . 018 016 . 000 - 134 - .-
' ‘ 1.0 .- 822,82 '16.60 3.92 0.19 4.19 67.00 4431 0.72 0.74 012 . 0.14 017 . 197 :
Ci 0.8 < 850.87 5.58 11.51 1.29 1.22 36.31 - 4101 054 025 0.34 . 023 7020 147
. Reed =~ . 644.68 13.08 1.82 0.36 2.186 - 24.98 49.32 2.79 103 . 122 083 050 - 205

e 2.0* 455,92 7.886 1.7 ' 3.35 3.66 16.24  64.07 260 003 .  0.18 0.07 - 0.08° 045

a4 4.6* T 589.17 1284 491 072 2.866 1,05 . 7333 - 3.3 .21 . 0.17 006 . 014  ° 1.34

B8.5% 253.04 1184 481 0.3 1.9¢ - 3.46 71.88 3.3% S 018 - 01F - - 0.03 ©o0m2. 160
8.5% 681.78 . 360 B5.B1 0.45 200 14,88 . 6408 . 1.89 016 . 6.9 005 008 . 0.3z

. *Miles E cf Roed,
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" TABLXY Q.3— PARTICLE-SIZE RELATION 160 MILES FROM GZ, APPLE 1 .

Diatance NE 6:‘ ,
Warm Springa Activity. R ; ) :
on Hwy. 8, ) e i - % of activity In aize () fracuqn

miles’ . {(B+12kr} , 0-5. 5-20 20-44

- ESTRI
T S it .

44-83 88125 '125-177 177-250-- 250—300 ~ 300-350  350-420  420-500  500-2000 - d

e e midnn Y ik T o e

i _ 8.0 © 19,91 25.84 3,16 4267  4.07 ' B8 . 2.6 948 . 126 . 0.8 S 040 - 034 - 0.80:
%, 120 - 13.39 17.01 280 - 138 6634 . 161 . 1.93 1.20 T 000 .. 0.33 0.77 - 028 | 6.01
L 16.0 c 39.78 670 0©.38 0.94  89.50 ‘1.96  © 0.49 0.00 S 005 - 0.26 0.06 026 ° 000 . % g
‘ } . 240 . 25.51 26.86 7.64 3038 2495 . 2.60 - 148 125 0.34 B U 0.51 - 0.43 C2BL U
1 28,0 - _53.18 9.88 2.0 0.70 80.08 © 533 - 0.38 041 - 013 - 0.0 . 0.0 - 0.03 . 08T L ;
e 32.0 <L 80,72 369 3.72 © 3.93 7460 813 _ 181 118 059 - . 068 052 000 114 -
4 e . 72.84 2333 .1 0.00 . 61.02° 8.65 - 000 - 009 U000 .- 000 000 < 000 - 0.00 - °
[ - o420 - 126.74 1422 333 242 6088 - B.10 6.27  1.17 063 | . 0.33 112 - o022l oo
. ! . 470 - - 38.89 17.26 1212 111 63.29 2.87. 1.18 " 0.58 033 . 036 - 022 02 i 036 . P
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Appendix H

o

IVITY CONCENTRATIONS, BEE

TABLE H.1— ATRBORNE ACTIVITY CONCENTRATIONS AT VARIOUS DISTANCES FROM GZ, BEE

ueLa :mpl'" : High-volume samplera®
) Activity,
, Baropie time, ue/m? x 1078 Sample time, tvity, pe/m® x 107 (4413 2n)
Locaiien Hebr - (H+12br) H+br Fixed-T  Dir-NT Dir-T,
4 milea N of Nye Canyon Rd. en L.0G- 2,00 - 25,400 - '

roed 1S miles E of GZ X 2.00- 4,00 . 10,300 . ‘ .

- . o 1.00- 5.08 30,900 31,100 27,000
4,06~ 6.00 594 ' . . :
600~ B.00 518 . : -

) ] - 5.98~ 9.99 154 6.9 150
8.00=10.00 30.9 R ’
10.00-12.00 8.33 : .
. o 8,85 ~12.48 238 122, .. 258
1.00-12.00 8,141 1.00-12.48 10,443 10.429 #.058
7 miles N of Nye Canyon Rd, on (L58- 2.00 113,000 - . e '

road 13 miles E of GZ '+ "~ 2.00~ 4.00 4,750 -

: ‘ 1.50- B.87 113,000
£.00= 6.00 178 '

6.00— 8,00 33,3
X E.00~10.00 314
‘ 18,80-12.5% s :
5,07~ 9,42 239
a.u—u.oo‘ is4
1.50.~12.00 18,673 T
. . . ) 1.50~132.00 " 3801
8 miles N of Hwy. 85 on Indian 1.80- 2.00 1,08
Springs Rd. 34 roiles E of G7. 2.00- 4.00 1,140
: . : : 00— 0.00' 96,8 ;
8.00— B.00 1L
"Fixed-T, fixed-directional aampler with throttle; Dir-NT, directional sampler without throttle; Dir-T, directional
sampler with throtile. . C ' i
117-118
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AIRBORNE ‘ACTIVITY CONCENTRATIONS, MET
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TABLE l l—.\EIl‘OI‘th ACTIVITY CONCENTRATIONI AT VARIOUS DIETANCER PROM OZ ALDNO
THE MDLINE OF PREDICTEL FALL-QUT, MET .

. UCLA sumpler flgh-valims samplars®
I Bample 1ims, ,:/‘::ﬁ'r' facmpls Ume, Activitr, “/m: X1 Mo 1an
Leoniion Brhr {E+11h2) B+hr Plied-T  Diz=NT ., Dir-T
25.0 milas M of [ndinn Bprings 0.81- .00 120,008 0.3~ 1.0 N8 M e300
AFB on Indlan Springs R4, 1.00- 0.00 7010 .
. . . 100~ 018 NS - N8 13,000
9.00-11.00 1,030 ’ . L -
11L.00-13.00 1,880 )
12.00-14.28 8,650 b
9.75~14.38 -] ns 1,890
1438-10.08 ™ B !
1e.35-18.38 (1] . ' b .
18.35~05.38 ({1} - r
10.26=-33.30 Lo I ,
w-MaE - K0 Lo :
- - 24.28-36.95 newe o 7 ' h
13.0 ciles N of Indian Bprings 0.50- 1.8 18,520 ) -
AP on Undise Bpringe Rd, 188~ 241 . . R
. 387~ 0T i . o
. 0.83- 3.18 R8O TR MIM
‘3.Tb= T 78 »ny . D -
' T.16- 0.7 01 - . . )
) Y- S8 L) 0y a8
$.70=11.78 irs :
11,7¢=13.7% m - .
s [EJESTR ] [17] k.
g : - .
K3 1re . -
11.28=1818 L iad
. ' - i5.76=10,70 lll N - ]
. 18.0 mulea X of Meadow Valloy Lo A1 143,004
R 3¢t oo Ry, 03 376- 478 21,000 -
T 43= 018 16,706 : ' )
P 1.0¢= ¢.78 ] -] 138,000
w15~ 0T 14,108 ) - : -
. aTp=10.18 1,200 . -
: - ' 6.58=10,08 ] W e
! 19.75-10.70 1,440
19.75-14,18 3,300 }
14.75-14.08 aae . -
10.09~10.00 x» ] L0
18.00-10.00 1.880 : .
10.00- 23,30 1em0 , N
20.00-53.00 31,100 e
14.0 miles N of Mzadoz Valley 1.00- LTH 188,000
Ba.ici. oo #WY. o 516~ .18 54,000
. . 456= LTS 11,400 - -
1.00- 0,00 22102 40B.AO0 184,508
4.450
1.5
(%1 ]
.u 18-150 2,700 :
10400 15,200 15,208 -
- , 15,420 10,608 w1708
15.00-11.80 ’
25.86 =35 80 . R
26.80-01.80° oo
15.30~232.12 17000 17500 14,108
uummnum.muu 380= 0.00 : . .
‘Viab Bwy. " | Bo0- 7,00 B
. 3.80= 182 b ] N3 38,000
700~ 0.00
2.00-10.92 . :
TA3-i0 T8 e ] 5,380
wrt-10.0" 1.e50 . '
14~ 14 ‘.
1,680 b
»es . .
Sam
1,400
(N1 . .
(X 10.18-47.0& = - NB m
0.0 miley N ol Etarprise oo 150~ *.00 10,600 114.000 30,400
Uuab Bwy. )8 T.00-11.82 T.030 1,890 Lat
. . 11.08-28.03 .60 LE T I WY
1.0 mile N of Enterprise on 1.80= 3.47 ] [ ] 120
Cub Bvy. 18 adt=11.01 e " ne
: 11.93-23.0 o ] [TX)

* Finad-T, Azad-directional gampler with throttls; Dir-NT, dlroclloml sampler withowt throfbe; Dir-T, directiona]

nampler with Lhroktle,
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Appendix J. E

AIRBORNE ACTIVITY CONCENTRATIONS, APPLE i



TAWLE L1 —AABORNE ACTINITY CUNCENTRATIIKE AT YANKIUS DIVEANCTFS PROM a7, \PPLE D .

VCLA marpler

——

Moz iohures samplare?

Actlviy, ] -
Saorply ting,  po/m’ « 3070 Bample Ume, Activny, vo/al= 1c™ @ ¢ 1300 . .
Jovaiton H=rr Hr1ahbry Hehr Fingd-T [DAr-NT ar-T
4.1 miles W of Mercury Huy. an 0.13= 1.4y 176,004
'"-3 Acoese Rd. 3.83- 383 .
283~ p.a3 "o -
.83 1.83 [EH] .
0.1~ p.78 5,000  §),000 n.oe
1.03- g0y 8,100
[ KIPRIN TY 4,190
n.00-~12.43 [$1]
[ERTESTY 0 - }
- L= 183 0 m
18,43 =-30.44 [ ¥}
10,43 -32.43 Ay
I41=14.43 14
.43 ~20.42 ny B
B {2 ~20.4 (¥
18,43 -30.42 04 :
3% 43 -21.08 m c B
18430108 w8 LA} 1»
1.8 miles W of Meroury Hey. on (1. X ]
T-1 Acosss R4, s 10 .
1. 480
108
3= 881 18.7
»RI=]LE) Tea
313482 ne
12.00~10.43 et
0.30= 5.5 10,008
181009 Nl
10.03-30.83 401
50.03-13.80 M
. IR PR ne
: 10.83-p0.00 o
08 mile Wol Maroury Hwy, oo 0.0~ LA 274,080
T-3 Aczess Rd. ] 38 [ 8. ]
- 583 000 .
.= 183 na ) '
o
ua ‘ -
! 0.36=10.07 “, 19 .
11.83-1388% Ha - .
12.1-10 83 1] .
10.87=10.08 »
" 19.00=11.00 Ll -
Ri =~ a0.00 e
13 .00 -18.08 :
18.00~31,00
7.0 19,00 .
moo-10.4 .
10.00= 39 .48 "t
1.0 alles W of Rasd oo Hwy. BB [ X! )
1.008%
08
"
2.0 mtise W of Row! o Awy, 13 1.0= 1] 1,080 -
231=- 3.9 1.7 T
3.3 1.9 K *
in=-150 8,540
T8~ 0 la 1) ,
$.33~11.39 e : -
1.07=- 109 "
11.55-13.33 m
13 39«1 2 Base
18.32-10.17 [ ]
1048 10.50 s
13.17-30.17 ua
10 17=-83.17 [ 1]
11.11=14,17 09
24 17017 ob -
.11 -30.11 e
m,11=-10.11 1M
W.0Y-01.500 [0
. 10.00=-3).48 134
80 zlica W of Raed oo Hwy. 36 - 3.33 3.0 .
= 5.3 5,080
.33~ 138 140
1.83= 8.1 0,500 80,180 9.0
733- 0.3 (TR ]
1-nn 08
- .17.1008 3,430 LW 104
113313 38 a1
13 3)=13.22 1,230
18 35-17 33 LRI
1830 1T T8 =21 ™w [T}
122 .




TABLE J L =1 Contioned;
. U/l A gampler High 1= ume samplers®
——~
Sanpls e, ..;:::‘."{é\* R Activity, pesmi o 1879 (H v 19 he)
Laocalion L K1 IHe1bER) Hebr Fixwd-T  Dir-NT bir-T
0.7 @lles W of howd oo Hwy 28 18- 529 i.as0
B8O~ 8.87 1.350
84T= 1.3 are’
180~ 803 406,000 30 000 24,100
v.82-10.00 . 10.0 : '
10.00-1p.17 148
[RLEBEE}] 1,088 4410 1,08
1y 1f-1e23 w . .
1635103 1.s -
19 93~18 23 117 413 1,080
13- 8 H )
20 33-91.33 e
1 -3¢0 131
M-26.03 ° .
18.33-28 33 038 -
M-l nu ’
10,40-33.33 L1 2.000 Ted
Rewd {0a Mwy, TH) W R ] 190 _000
all- 800 B,al0
14T~ 080 109, 008"
852~ T 3,480 -
p.67=13 40 122
1.00-13.00 5040
1948=15.13 1,130 :
18.33=10.0¢ LR
13.00-11.83 4.380
10.00=33.00 1178
20.00— i .o M
21 00 —34.00 _m -
B 0-M.00 10 .
26.00-8.00 1.878
§1.50-30.00 2,440
30.00 =11 4% & oap - :
1183~ 50.83 arre
3.0 mlis E o Roud 1.17=- 313 170,000 '
14=-11.33 L RET] ) '
1.87= 147 80,000
1.87=11.88 11
n.M-15.9
. 13.00-18.33
18 33=11.93
11.2-10.0 .
12.03=17.20 1,000
. 193331 38 1 - .
. 11.23-23.00 304
£3.03-28 33 14 -
”’.5-rx 1T
ma=0H1 () .
A -50.08 st
: 17.33-30.13 ) 1110
A0 miles W Ware Spriogs 141 13 LA . .
oo ey 8 G~ 893 L]
[REE ] 1)
L8100 780
8.33-12.22 []
0.0=-11.2 -0
12 *s-1e.20 []
[TR-TRTE . ]
1$.23=17.43 L]
sa1~10.4 1,178
17601768 101
.1
™3 .
m’e
w8 , -
ns
°
(1 %] -
- 17.03-30.03 e
.3 tnlle NT of Warm Bpringe [ Na1)
m Bvy. § L
[§-]
135- a2 1,100 1,304
-11.88 ™ (ALY
123




TABLE J.1 —(Camimad)
CCLA sazpler Righ-volune yamplare®
Acuvity, v -t
—— ”,m.,‘;'r, Basgle time,  ACUTEF. se/elu 108 @t
Lacailon Hebr (=15 by Bebr Tized-T  Dir-NT Dir-T
4.0 miles ME o Werm Gprings 3~ 300 (1]} .
caBwy. & - 30~ 383 18,800
3.88- 143 BA3 ) )
1.09= 1,97 - 10,508
7.M- 1.1y 118 .. -
-1 il (3] .
1.93=11.17 (1]
. 1.0-12.59 m :
19.89-13.08 " . .
13,05 -17.99 24 . .
1.27-10.4 200
C1ee-1000 (¥ ]
LT )
e .
4 A
-
1k0 -
= .
14 932000 s
3.0 milas NR of Ware Spri IO~ 488 i1 ¥ ) .
oo Bwy. 8 : 4.9~ ¢23 109,000
[ETENN -] L]
0.09-10.23 o
- 2L108 13088 14,008
1,770 Lre 4,000
10.22-11 M i .
1328-14.80 (73
14.83=18.53 "
16.28=17.04 [ ] '
11.59=17.8 > 553 1,008
17.63=10.08 4. :
18.00= "4 .
ot 11.00~23.08 140
13.04-18.0¢ ns ,
1000 -27.08 LX)
T.oV-E7.08 1
10,00=11.09 i
2;.60-22.43 [TV . ) .
- : 173315 1] (1] .3
16.0 talles N2 & Tarm S5iluge (X B ] 40,200 )
o Bwy, § A3~ ¢33 m .
»ob~ T4 w758
. 1.9=- 1.0 1310 X
1L-10.0 1.994
© TAs=1180 .
10.39-13.53 &l
1L5=-14.99 1
1.s-10.8 2y
1823-11.53 e -
1w-17.80 1440
17.33-10.23 e .
19,3321 " ’
1.32=35.39 b X .
T 23.33-38.18 ite
28.33-27.23 (LN ]
17.53~33.38 m
0.2-31.83 .1 '
31.39-r3.87 " . -
-0 e

* Flesd-T, Doad-direcuional samplar wht throtlls; Dir-NT, directigcal sanpler withadl throftle; Dir-T, directional

sampler w2 Pirotils,
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